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Abstract 
One approach to reducing the yield losses caused by banana viral diseases is the use of 
genetic engineering and pathogen-derived resistance strategies to generate resistant 
cultivars. The development of transgenic virus resistance requires an efficient banana 
transformation method, particularly for commercially important 'Cavendish' type 
cultivars such as 'Grand Nain'. Prior to this study, only two examples of the stable 
transformation of banana had been reported, both of which demonstrated the principle 
of transformation but did not characterise transgenic plants in terms of the efficiency at 
which individual transgenic lines were generated, relative activities of promoters in 
stably transformed plants, and the stability of transgene expression. The aim of this 
study was to develop more efficient transformation methods for banana, assess the 
activity of some commonly used and also novel promoters in stably transformed plants, 
and transform banana with genes that could potentially confer resistance to banana 
bunchy top nanovirus (BBTV) and banana bract mosaic potyvirus (BBrMV). 
A regeneration system using immature male flowers as the explant was established. The 
frequency of somatic embryogenesis in male flower explants was influenced by the 
season in which the inflorescences were harvested. Further, the media requirements of 
various banana cultivars in respect to the 2,4-D concentration in the initiation media 
also differed. Following the optimisation of these and other parameters, embryogenic 
cell suspensions of several banana (Musa spp.) cultivars including 'Grand Nain' (AAA), 
'Williams' (AAA), 'SH-3362' (AA), 'Goldfinger' (AAAB) and 'Bluggoe' (ABB) were 
successfully generated. 
Highly efficient transformation methods were developed for both 'Bluggoe' and 'Grand 
Nain'; this is the first report of microprojectile bombardment transformation of the 
commercially important 'Grand Nain' cultivar. Following bombardment of embryogenic 
suspension cells, regeneration was monitored from single transfom1ed cells to whole 
plants using a reporter gene encoding the green fluorescent protein (gfp). Selection with 
kanamycin enabled the regeneration of a greater number of plants than with geneticin, 
while still preventing the regeneration of non-transformed plants. Southern hybridisation 
confirmed the neomycin phosphotransferase gene (npt II) was stably integrated into the 
banana genome and that multiple transgenic lines were derived from single 
bombardments. The activity, stability and tissue specificity of the cauliflower mosaic 
II 
virus 358 (CaMV 35S) and maize polyubiquitin-1 (Ubi-1) promoters were examined. In 
stably transformed banana, the Ubi-1 promoter provided approximately six-fold higher 
p-glucuronidase (GUS) activity than the CaMV 35S promoter, and both promoters 
remained active in glasshouse grown plants for the six months they were observed. 
The intergenic regions ofBBTV DNA-I to -6 were isolated and fused to either the uidA 
(GUS) or gfjJ reporter genes to assess their promoter activities. BBTV promoter activity 
was detected in banana embryogenic cells using the gfp reporter gene. Promoters 
derived from BBTV DNA-4 and -5 generated the highest levels of transient activity, 
which were greater than that generated by the maize Ubi-1 promoter. In transgenic 
banana plants, the activity of the BBTV DNA-6 promoter (BT6.1) was restricted to the 
phloem of leaves and roots, stomata and root meristems. The activity of the BT6.1 
promoter was enhanced by the inclusion of intron-containing fragments derived from 
the maize Ubi-1, rice Act-1, and sugarcane rbcS 5' untranslated regions in GUS reporter 
gene constructs. In transient assays in banana, the rice Act-1 and maize Ubi-1 introns 
provided the most significant enhancement, increasing expression levels 300-fold and 
100-fold, respectively. The sugarcane rbcS intron increased expression about 10-fold. In 
stably transformed banana plants, the maize Ubi-1 intron enhanced BT6.1 promoter 
activity to levels similar to that of the CaMV 35S promoter, but did not appear to alter 
the tissue specificity of the promoter. 
Both 'Grand Nain' and 'Bluggoe' were transformed with constructs that could 
potentially confer resistance to BBTV and BBrMV, including constructs containing 
BBTV DNA-1 major and internal genes, BBTV DNA-5 gene, and the BBrMV coat 
protein-coding region all under the control of the Ubi-1 promoter, while the BT6 
promoter was used to drive the npt II selectable marker gene. At least 30 transgenic lines 
containing each construct were identified and replicates of each line are currently being 
generated by micropropagation in preparation for virus challenge. 
Key words: banana, Musa, transformation, microprojectile bombardment, somatic 
embryogenesis, embryogenic cell suspension, pathogen-derived resistance, banana 
bunchy top nanovirus, banana bract mosaic potyvirus, virus resistance genes. 
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Chapter 1: Literature Review 
1.1 Banana Production, Diseases and Breeding 
1.1.1 Significance of Bananas 
Bananas (Musa spp.) are a major staple food for millions of people throughout the tropics. 
World production is estimated at more than 88 million tonnes annually (Anon 1998), the 
majority (84%) of which is grown by peasant farmers or small holders for their own 
consumption and/or traded locally. This portion of production consists of a wide range of 
varieties from sweet dessert bananas to plantain and cooking bananas which are a starchy 
staple of major importance particularly in Africa. World export trade, consisting 
essentially of the 'Cavendish' dessert banana, is about 14 million tonnes and is worth 4.9 
billion dollars US (Anon 1998) to exporting countries in Latin America, the Caribbean, 
Asia and Africa. 
1.1.2 Banana Diseases 
Bananas are susceptible to a wide variety of fungal, bacterial and viral diseases, some of 
which have greatly influenced and continue to influence the development of the banana 
industry. The widespread breakdown of resistance in 'Gros Michel' clones to race 1 of the 
fungus, Fusarium oxysporum fsp. cubense resulted in their replacement with 'Cavendish' 
(Jeger et al. 1995). Interestingly, 'Cavendish' is now threatened by new pathogenic 
variants of this fungus and by other fungal diseases such as black Sigatoka 
(Mycosphaerella fzjiensis). On a smaller scale, Moko disease, caused by Pseudomonas 
solanacearum, virtually eliminated the 'Bluggoe' cultivar in Trinidad in the early 1900s 
(Jeger et al. 1995). 
Viral diseases also continue to affect the banana industry. Bananas are vegetatively 
propagated and because germplasm is moved as vegetative material they are particularly 
amenable to the spread of systemic viral diseases. A number of viruses infect banana 
including banana bunchy top nanovirus (BBTV), banana bract mosaic potyvirus 
(BBrMV), cucumber mosaic cucumovirus (CMV), and banana streak badnavirus (BSV). 
The most important of these is BBTV. 
1 
BBTV is a ssDNA virus consisting of at least six genomic components (Burns et al. 1995). 
Symptoms of infection of banana with BBTV consist of dark green streaks on the 
pseudostem, petioles, leaf midribs and veins, and chlorotic stunted leaves growing more 
upright than normal (bunching) at the apex (Darnell-Smith 1924). Infected plants may 
suffer retarded fruit development or completely fail to produce fruit resulting in 
considerable yield loss. As well as being disseminated in vegetative material, the virus is 
transmitted between plants by the banana aphid, Pentalonia nigronervosa (Magee 1930). 
Serious epidemics have occurred in many banana-growing regions of the world, but 
BBTV has not yet been reported in Latin America or the Caribbean, which comprise the 
major banana export countries. The introduction of the virus into this region would have a 
major impact on export earnings of these countries. Considering the dependence on 
banana in Africa, it is also important that the spread of this virus be prevented in this 
region which at present is mostly BBTV free. 
BBrMV has been reported in the Philippines and India and Sri Lanka (Rodoni et al. 1997) 
but may also be present elsewhere. It belongs to the potyvirus group (ssRNA) (Bateson & 
Dale 1995) and is transmitted between plants via aphids (Magnaye & Espino 1990). 
Symptoms consist of necrotic streaks on the bracts of the male inflorescence and on 
immature pseudo stems. Infected plants suffer a decrease in yield of up to 40% (Magnaye 
& Espino 1990). 
Banana mosaic disease, caused by CMV (Magee 1940), is a ssRNA virus belonging to the 
cucumovirus group (Dougherty & Hiebert 1985). Infected plants have conspicuous 
interveinal chlorosis of the leaves, while necrosis and eventual rotting of the centre leaf 
and central cylinder may also occur. Growth is stunted and little or no fruit is produced. 
CMV has a wide host range and can be transmitted to bananas from other crops or weeds 
via many different aphid species (Tsai et al. 1986). Although severe outbreaks have been 
reported, infections in plantings are seldom high and, in general, losses are not serious 
(Lassoudiere 1974; Mohan and Lakshmanan 1988). 
BSV causes similar symptoms to CMV (Lockhart 1986). The principle means of spread is 
through vegetative material making the use of clean planting material an effective means 
of control. BSV is also transmitted by mealybugs (Jones & Lockhart 1993). 
2 
Virus infections of bananas cause losses in several ways. Firstly, there is the direct cost 
due to lost production. Secondly, there is the cost of quarantine measures used to restrict 
the spread of the virus. Current guidelines recommend that only in vitro cultures be moved 
between countries and that such material be tested for the presence of viruses. Such 
measures not only incur costs in themselves but also affect producers and breeders because 
of restrictions on the movement of germplasm and other vegetative material. Finally, there 
is the recurrent cost of control measures to eliminate or contain the disease. This involves 
monitoring for, and destruction of, diseased plants (roguing) and in some cases control of 
the vector with insecticides. 
Banana growers can limit the incidence of virus infections and the associated costs by 
using virus-free material for all new plantings, by controlling weeds that can act as virus 
hosts and, if practical, by siting plantings away from other host crops. 
1.1.3 Banana Genetics and Breeding 
Increased efforts have been directed toward genetic improvement of bananas by 
conventional breeding. However, the better known cultivars, which were derived from 
natural hybridisation within and between two diploid species, Musa acuminata and Musa 
balbisiana, are parthenocarpic triploids (3n = 33) and are largely seed sterile (Simmonds 
1962). The contribution of each species to the genome of the hybrid is expressed as either 
'A' (acuminata) or 'B' (balbisiana). A generalisation is that the more 'A' genome, the 
sweeter the fruit and hence its use as a table fruit; the more 'B', the more starch hence a 
requirement for cooking. There are three basic categories of edible banana, 'Cavendish' 
and East African highland bananas (AAA), plantains (AAB), and cooking bananas (ABB) 
(Simmonds 1987). 
There is evidence that banana sterility is under genetic control and cannot be attributed 
totally to chromosomal irregularities caused by triploidy (Raman et al. 1970; Agarwal 
1987). For example, there are several triploid cultivars, which produce 2n and n gametes 
and are seed fertile (Vuylsteke et al. 1993). This has facilitated the genetic improvement of 
plantain and cooking bananas via conventional breeding and several disease resistant 
cultivars have been produced (Vuylsteke et al. 1993). Unfortunately, dessert banana 
3 
breeding has not been successful, and no hybrid has been produced in 70 years of breeding 
which has met the quality demands of the export trade. This is due mainly to the higher 
level of sterility associated with AAA cultivars (Ortiz et al. 1995). As such the breeding of 
an export quality dessert banana with disease resistance traits to replace 'Cavendish' may 
not be possible. 
If breeding of dessert bananas were possible the use of natural resistance genes within the 
banana gene pool could be utilised to breed virus resistant varieties. Unfortunately, 
although bananas display varietal differences in tolerance to viral infection, no banana 
cultivar has been identified that is completely immune to BBTV, the most important virus. 
1.1.4 Genetic Engineering of Bananas for Virus Resistance 
Recombinant DNA technology offers an alternative means to adding disease resistance 
traits to already existing elite clones. Transformation of many crops is now possible and 
the number of species able to be transformed continues to increase. In particular, there 
have been many recent reports on the transformation of cereals and other monocots, 
including banana, via both microprojectile bombardment (Christou 1992, Sagi et al. 1995) 
and Agrobacterium-mediated transformation (Smith and Hood 1995, May et al. 1995). 
Pathogen derived resistance (PDR) (Sanford and Johnston 1985) to viruses has been one 
of the most successful applications of plant genetic engineering. In this approach, when 
transformed with part of a virus genome, a proportion of transformants usually show some 
degree of resistance or even immunity to the virus from which the gene was derived 
(Baulcombe 1996). The number of PDR strategies available for transgenic virus resistance 
is also increasing. By combining the appropriate strategy with recent advances in banana 
transformation, transgenic virus resistance is close to becoming a reality and may be the 
most effective means of reducing the impact of viruses on banana. 
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1.2. Transgenic Plants 
Recombinant DNA and plant tissue culture technologies enable genes from potentially any 
organism to be incorporated into a plant genome. There are three basic requirements for 
plant transformation, namely (i) a target tissue which is capable of regenerating new plants 
from single transformed cells, (ii) a reliable method of gene transfer, and (iii) a transgene 
conferring a useful trait together with a promoter to drive the required level of gene 
expression. 
1.2.1 Target Tissue 
The first requirement for a transformation system for a particular crop is a method of 
regenerating plants from a single cell thus enabling the production of non-chimeric 
transformed plants. In general, regeneration is via the production of adventitious shoots or 
somatic embryogenesis. For many dicotyledonous species, it is possible for leaf or stem 
tissue to dedifferentiate into callus. This callus tissue can be targeted for transformation 
and plants regenerated from transformed cells via adventitious shoot production or somatic 
embryogenesis. Juvenile tissue such as cotyledons, hypocotyls or epicotyls may also be 
used. 
Monocotyledonous cells differentiate rapidly and early, which is followed by the loss of 
mitotic and morphogenetic ability (Krishnaraj and Vasil 1995). Regeneration of monocots 
is usually via somatic embryogenesis from explants that contain meristematic and 
undifferentiated cells. Such explants include embryos or seed, meristems or leaf bases. 
Alternative strategies, such as transformation of meristems, have been developed for crops 
for which a regeneration system has proven difficult (Gould et al. 1991, Brar et al. 1994). 
Unlike adventitious shoot production and somatic embryogenesis, no special culture 
conditions are required for growth of meristems in vitro. However, plants derived from 
meristems are multicellular in origin, and the use of such tissue for transformation leads to 
the production of chimeric plants (McCabe et al. 1988b ). Intense shoot proliferation is 
required to produce a non-chimeric axillary shoot. The success of this method depends on 
the number of cells present within the meristem of the particular explant and crop. 
5 
1.2.2 Plant Transformation Techniques 
1.2.2.1 Agrobacterium-Mediated Transformation 
Agrobacterium tumefaciens is a soil borne, gram-negative bacterium, which causes the 
disease known as crown gall. Agrobaeterium are found in soils worldwide, especially in 
the rhizosphere of plants (Matzk et al. 1996). They harbour large tumour inducing (Ti) 
plasmids, 35 - 40 kb in size, which contain oncogenicity (one) genes, opine synthesis 
genes and virulence (vir) genes which are necessary for the establishment of infection. 
Upon attachment to a plant cell at a wound site, A. tumefaeiens introduces part of the Ti 
plasmid, the T-DNA (transferred DNA), into the plant nucleus (Hooykass 1989). Tumour 
formation is the result of the one genes present on the T-DNA. These genes code for auxin 
and cytokinin biosynthesis and result in unregulated cell division giving rise to the typical 
crown gall on the plant (Nester et al. 1984). Tumour cells are capable of growth in vitro 
without the application of exogenous plant growth regulators (Nester et al. 1984). 
The T-DNA also contains genes that encode the synthesis of novel amino acid and sugar 
derivatives called opines (Smith and Hood 1995). Opines can be utilised by the bacteria, 
but not by the plant, as a nitrogen and carbon source (Smith and Hood 1995). Several A. 
tumefaciens strains have been classified according to the type of opine produced, including 
octopine, nopaline, succinamopine or L,L-succinamopine types (Smith and Hood 1995). 
Each A. tumefaeiens strain harbours a broad host range Ti plasmid and is capable of 
infecting a large variety of plants. Although strain host ranges overlap, they are not 
identical (Smith and Hood 1995). 
Vir genes mediate the process ofT-DNA transfer. Approximately 25 vir genes, are present 
on the Ti plasmid and are arranged into six operons, virA, virB, virC, virD, virE and virG 
(Stachel and Nester 1986). Vir gene transcription is induced at low pH by low molecular 
weight phenolic compounds, such as acetosyringone, which are produced by wounded 
plant cells (Bolton et al. 1986). 
The vir gene regulatory system operates through two monocistronic virulence genes vir A 
and virG. The constitutively expressed virA gene produces a protein located in the inner 
membrane that recognizes plant wound metabolites (Zambryski 1992). The resulting 
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autophosphorylation of VirA protein activates the intracellular signal-transducing protein 
VirG by phosphorylation of the aspartic acid residue (Stachel and Zambryski 1986). 
Chemotaxis towards acetosyringone is also dependent upon a functional vir A gene (Ashby 
et al. 1987). The activated VirG binds to the vir gene promoters at conserved vir box 
sequences and acts as a transcriptional activator of the vir genes (Stachel and Zambryski 
1986). 
The T-DNA is flanked by 25 bp direct repeat sequences, termed left and right borders (LB 
and RB). These sequences, particularly those of the RB, are essential forT-DNA transfer 
and function in a cis-acting polar fashion (Wang et al. 1984). VirD protein has site specific 
endonuclease activity that is responsible for nicking the T-DNA borders and also binds to 
the 5' end (RB) of the T-DNA intermediate (Tinland et al. 1995). 
A single stranded T-DNA is released from the Ti plasmid by replacement synthesis of 
DNA in a 5' to 3' direction initiating from the nick in the RB (Zambryski et al. 1989). VirE 
encodes for a protein that binds to the single stranded T-DNA intermediates, stabilising the 
T -strand during transport to the plant nucleus and enhancing the efficiency of plant 
transformation (Christie et al. 1988). Several gene products of the virB operon have been 
identified in the bacterial envelope suggesting they play a role in directing T-DNA transfer 
into the plant cell (Zambryski et al. 1989). VirC protein binds to a 24 bp sequence adjacent 
to the RB ofthe T-DNA and increases the level ofT-DNA processing (Toro et al. 1989). 
Regions on the bacterial chromosome, chvA, chvB (Douglas et al. 1985), att, and pscA 
(Thomashow et al. 1987) are also involved in both attachment of the bacteria to the plant 
cell and the chemotactic response of the bacteria toward susceptible plant tissue. 
Upon entering the plant cell, nuclear localisation signals on VirD protein directs the T-
DNA to the nucleus where VirD is also involved in integration into the host genome 
(Tinland et al. 1995) via illegitimate recombination (Mayerhofer et al. 1991 ). 
Use of Agrobacterium as a plant transformation vector 
The large size (3 5 - 40 kb) and tumourgenicity of Ti plasmids preclude their direct use as 
vectors. However, these plasmids have provided useful components that have been 
incorporated into plant transformation vectors. The most commonly used system is the 
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binary vector strategy (Figure 1.1 ). This method relies on two important features of 
Agrobacterium-mediated transformation. Firstly, any Agrobacterium containing a 
functional set of vir genes is capable of transferring any DNA sequence into a plant cell 
provided the DNA is placed between two correctly orientated T-DNA borders. Secondly, 
vir genes can operate in trans. Therefore, the native T-DNA of the Ti plasmid can be 
removed to prevent tumour formation (disarmed) to produce a virulence helper Ti plasmid. 
The virulence genes remaining on the helper plasmid can operate in trans to transfer T-
DNA located on another smaller plasmid, the binary vector, into the plant cell. This binary 
vector contains a conventional multiple cloning site from an E. coli cloning vector (e.g. 
pUC19) and a plant selectable marker gene between Agrobacterium left and right T-DNA 
borders. The plant trans gene can be cloned into the relatively small ( ~ 10 kb) binary vector 
in E. coli. Once correct T-DNA structure is confirmed the binary vector can be 
transformed into an Agrobacterium strain containing a helper plasmid. 
Limitations of Agrobacterium 
There are several problems and limitations associated with Agrobacterium-mediated 
transformation. The continued presence of Agrobacterium in putatively transformed tissue 
and regenerated plants (Matzk et al. 1996), for example, can lead to false positive results. 
Many plant promoters are active in Agrobacterium which may be living on and within the 
tissue and still contain the binary vector. Agrobacterium may also be able to live 
intracellularly (Matzk et al. 1996). As a result of these problems, results must be analysed 
critically since transgene sequences and products that are detected in the plant may not 
actually be as a result of T -DNA integration. Successful transformation is usually 
determined by either placing an intron within the reporter gene (Ohta et al. 1990) or using 
Agrobacterium specific PCR primers or hybridisation probes. Southern blot analysis will 
also reveal transgenes present in different size fragments to those in the binary vector. 
The major limitation of using Agrobacterium for transformation is its limited host range. 
Monocotyledonous species, which include many major staple crops, have generally been 
difficult to transform using Agrobacterium and many explanations have been proposed. It 
is generally agreed that the monocotyledonous tissues are not competent for transformation 
because they do not provide key factors such as: 
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multiple cloning site plant selectable marker gene 
binary vector 
pBin19 
(~10 kb) 
bacterial selectable marker gene 
vir B 
+ 
virulence helper 
Ti plasmid 
pAL4404 
bacterial selectable marker gene 
~wide host range 
bacterial origin of 
replication 
virE 
Figure 1.1. Typical binary vector strategy consisting of a relatively small ( ~ 10 kb) binary 
vector and a large virulence Ti plasmid. The binary vector has a plant selectable marker 
gene and multiple cloning site to facilitate insertion of the desired plant transgene in 
between the left and right borders (LB and RB). A wide host range bacterial origin of 
replication allows initial cloning steps to be done in E. Coli. Agrobacterium containing the 
virulence helper Ti plasmid can be transformed with the binary vector and transformants 
selected using the bacterial marker gene on the binary vector. The virulence helper plasmid 
contains virulence genes necessary forT-DNA transfer to plant cells. 
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(i) Production of virulence inducing substances. Activation of virulence genes requires 
certain types of low molecular weight phenolic compounds that are either not produced, or 
produced in very low concentrations, in monocots. This can be overcome by providing 
virulence inducing substances exogenously, such as acetosyringone (Bolton et al. 1986) or 
potato wound extract (Schafer et al. 1987), or by construction of a helper plasmid with 
constitutively expressed virulence genes (Hansen et al. 1994). In cases where a particular 
monocot tissue has been shown to produce virulence inducers, such as meristems and the 
transition region between root and shoot in wheat and oats (Usami et al. 1987), the choice 
of explant for transformation is important. 
(ii) Low production of bacteriostatic substances. Sahi et al. (1990) have shown that 2,4-
dihydroxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-one, a secondary metabolite from maize, 
is inhibitory to growth of Agrobacterium and is a potent inhibitor of virulence gene 
induction. The inhibition of virulence gene induction can be overcome by constitutive 
expression ofthe virG gene (Hansen et al. 1994). 
(iii) Suitable target tissue. Dicot cells adjacent to wound sites dedifferentiate and divide to 
fill the site with callus (Graves et al. 1988). These dividing callus cells are the target for 
transformation by Agrobacterium (Braun 1975). Plants can be regenerated from such 
undifferentiated cells which is the basis of dicot Agrobacterium-mediated transformation. 
Monocotyledonous cells, in general, appear to lose the ability to dedifferentiate at a very 
early stage in development. In many monocots, cells adjacent to wound sites do not 
undergo cell division but instead differentiate into lignified or sclerified cells (Kahl 1982). 
Agrobacterium require cells that are replicating DNA or undergoing mitosis for gene 
transfer to occur (Okada et al. 1986a) i.e. cells that are dedifferentiating or dividing. It may 
be that an active cell cycle with concomitant DNA replication and repair provide the 
nucleic acid biosynthetic enzyme machinery necessary forT-DNA second strand synthesis 
and integration into the genomic DNA (Okada et al. 1986a). Cells competent for 
transformation must also be competent for plant regeneration. Successful transformation 
procedures for monocots target actively dividing cells that are capable of regenerating 
plants. Such procedures target either immature embryos (Ishida et al. 1996), embryogenic 
callus (Chan et al. 1992) or meristems (Gould et al. 1991). 
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(iv) Promoters active in monocots. During early studies into the host range of 
Agrobacterium, tumour formation was used as the criterion for successful T-DNA transfer. 
Smith and Hood (1995) suggested that the lack of tumour formation in many monocots 
might have been due to the low activity of promoters driving the one genes (Smith and 
Hood 1995). Similarly, when using reporter gene expression as a criterion for successful T-
DNA transfer, a promoter with strong activity in monocotyledonous species would be 
necessary (Smith and Hood 1995). 
1.2.2.2 Protoplast Electroporation 
The difficulty associated with Agrobacterium-mediated transformation of monocots has 
resulted in increased research in the area of direct DNA transfer, including protoplast 
electroporation. Protoplasts are plant cells with the cell walls enzymatically removed 
leaving the plasmalemma as the only boundary between the cytoplasm and the surrounding 
medium. Electrical impulses induce transient pores in the plasmalemma through which 
macromolecules, such as DNA, move into the cell. These pores are around 30 nm in 
diameter and persist for several minutes after the pulse (Okada et al. 1986b ). The two main 
variables affecting permeabilisation of membranes by electroporation are field strength 
(voltage gradient) and pulse duration (decay time). The field strength required is related to 
the diameter of the protoplast (Shillito et al. 1985). Under optimal conditions 
transformation frequencies ofup to 2% have been reported (Shillito et al. 1985). 
It is possible to transform protoplasts from almost any species thus overcoming the host 
range limitations of Agrobacterium. However, there have been difficulties, particularly in 
monocots, with plant regeneration and high incidences of somaclonal variation and 
infertility (Smith and Hood 1995) which has led to the development of other methods of 
direct DNA transfer. 
1.2.2.3 Microprojectile Bombardment 
The most commonly used method of direct DNA transfer in order to obtain stable 
transformants is microprojectile bombardment. Microprojectile bombardment is defmed as 
the introduction of substances into intact plant cells through the use of high-velocity 
microprojectiles. The microprojectiles can be 0.4- 2 !Jm and may travel at velocities of up 
to 656 ms·1 (Klein et al. 1987). The technique was developed by Sanford et al. (1987) 
while attempting to produce transformed whole plants directly by introducing DNA into 
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pollen (Sanford 1988). The first successful expression of transgenes via microprojectile 
bombardment was in onion epidermal cells bombarded with tobacco mosaic virus (TMV) 
RNA or the chloramphenicol acetyltransferase (CAT) gene (Klein et al. 1987). These 
onion cells subsequently produced viral inclusion bodies or showed CAT activity, 
respectively. The regeneration of stably transformed plants soon followed (Klein et al. 
1988a; McCabe et al. 1988a; 1988b). 
Microprojectile bombardment method has been particularly useful for species that are 
recalcitrant to Agrobacteriurn-mediated transformation and was originally hailed as a truly 
genotype-independent transformation method (Christou 1992). These types of claims 
ignored the fact that the production of transgenic plants still required regeneration from a 
single cell whether it is via somatic embryogenesis (Fromm et al. 1990), organogenesis 
(Klein et al. 1988a) or pollen (McCabe et al. 1988a). In many species, these modes of 
regeneration are either not available due to recalcitrance in vitro or because production of 
plants via pollination and seed is not possible or practical. When a method of in vitro 
regeneration for a particular species has been developed often the most desirable cultivars 
do not respond as well as the less significant cultivar that was used to develop the method. 
Despite suffering a genotype-dependent limitation, microprojectile bombardment has 
allowed the transformation of species or particular cultivars that at the time were 
considered impossible to transform using Agrobacteriurn. Such species include soybean 
(McCabe et al. 1988b), cotton (McCabe and Matinell 1991), papaya (Fitch et al. 1990), 
maize (Fromm et al. 1990), rice (Christou et al. 1991), sugarcane (Bower and Birch 1992) 
and wheat (Vasil et al. 1991). Some of these species have since been shown to be 
an1enable to Agrobacteriurn-mediated transformation e.g. rice (Vijayachandra et al. 1995) 
and maize (Ishida et al. 1996), while for other species microprojectile bombardment 
remains the only transformation method available. 
There are a number of parameters to consider when using rnicroprojectile bombardment as 
a transformation method: 
(i) Types of Microprojectiles: Metal particles should be of high enough mass to possess 
adequate momentum to penetrate plant cell walls. Suitable metals include gold, tungsten, 
palladium, rhodium, platinum, and iridium. The metal should be chemically inert to 
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prevent adverse reactions with DNA or cell components and they should be able to form 
complexes with DNA that will allow dissociation once the particle has entered the target 
cell (Christou 1992). Gold and tungsten particles approximately 1 !lffi in diameter are most 
commonly used. Tungsten particles are generally less expensive but are more 
heterogeneous in size and shape compared to gold. Tungsten also catalytically degrades 
DNA over time and may be toxic to some cell types (Russell et al. 1992b ). Gold is 
biologically inert and does not degrade DNA or harm cells. One disadvantage is that gold 
particles can agglomerate irreversibly in aqueous solutions (Kikkert 1993). 
(ii) Microprojectile Propulsion Methods and Optimisation of Bombardment Conditions: 
Microprojectiles can be propelled in a number of ways. They can be placed on a 
macrocarrier (macroprojectile) which is propelled into a stopper plate from which the 
microprojectiles continue to travel into the plant tissue. Alternatively, they can be 
propelled directly by a pulse of gas or by an electrical discharge. Less common methods 
include centripetal, magnetic or electrostatic forces (Sanford et al. 1987). 
Macrocarriers can either be driven by the discharge of a gunpowder cartridge (Klein et al. 
1987), compressed air (Oard et al. 1990) or helium (Sanford et al. 1991). These systems 
have three drawbacks, namely a lack of control over the velocity of particles resulting in a 
lack of reproducibility, damage to target tissue and the time required to clean and reload 
(Kickkert 1993). The Biolistic PDS-1000/He device (Bio-Rad Laboratories) uses helium to 
rupture a membrane designed to break at a critical pressure with the resulting gas shock 
wave propelling the macrocarrier. This system is reported to (i) have better control over 
microproj ectile velocity, (ii) distribute particles more evenly over target cells and, (iii) 
cause less cell death than other macrocarrier type systems (Sanford et al. 1991). However, 
the relatively long reloading time, and the high purchase and operation costs have 
precluded the widespread use of this device. 
For reasons mentioned above, the particle inflow gun (PIG) has increased in popularity. 
An inexpensive and easy to assemble PIG has been described by Takeuchi et al. (1992). 
DNA coated particles are placed in a syringe filter unit which is then screwed into the top 
of the bombardment chamber. A short pulse of helium propels the particles from the 
syringe filter unit onto the plant tissue. Helium is used rather than other available bottled 
gases because it expands much faster thus imparting higher velocities to particles (Kikkert 
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1993). Because they are carried directly in a stream of helium, the force required to 
accelerate the particles is reduced. As a result, lower helium pressure is required thus 
causing less damage to tissue than macrocarrier type systems (Vain et al. 1993a). Further, 
this system has a very quick loading time since no time is spent replacing expensive 
rupture disks. A rate of 12- 16 bombardments per hour is easily achievable (Vain et al. 
1993a). 
Christou (1990) developed a method whereby microprojectiles are propelled by an 
electrical discharge shock wave. This system has the advantage of precise control over 
particle penetration into cell layers that are competent for transformation and regeneration 
and minimal damage to recipient tissue. Although this method appears to be highly 
effective and has some advantages over the PIG, it is questionable whether the high cost of 
purchasing or constructing such an apparatus is warranted. 
There have been several modifications that have improved microprojectile bombardment 
efficiency. Microprojectiles lose their velocity rapidly at normal atmospheric pressure and 
so the target tissue must be close to the point of particle acceleration for particles to have 
enough velocity to penetrate cell walls. As a result, tissue is damaged by the shock wave. 
Vain et al. (1993a) found that particles maintained velocity for a longer period when 
bombarding in an 85 kPa vacuum. This allowed tissue to be bombarded at greater 
distances thereby reducing tissue damage and increasing transient expression. Vain et al. 
(1993a) also found that the use of a baffle (500 !-LID mesh) above the target tissue further 
reduced tissue damage and more evenly dispersed the particles. 
(iii) Frequency of Transformation: Microprojectile bombardment is capable of producing 
many transiently expressing cells per bombardment. For example, tobacco or com 
suspension culture cells bombarded with the p-glucuronidase (GUS) reporter gene had 
1000-2000 blue foci per bombardment (Sanford 1990). Although this figure appears high, 
only one cell per 103 - 104 total cells on the bombarded petri dish transiently expressed 
GUS, with about 2 - 5% of transient transformants becoming stably transformed. These 
rates allow the recovery of multiple stable transformants per bombarded petri dish. In com, 
the number of stably transformed callus clumps obtained from a single bombarded plate 
can be as high as 57 (Klein et al. 1988b ), while with tobacco suspension culture cells over 
20 stable transformants per plate have been reported (Klein et al. 198 8a). 
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(iv) Biological Factors Affecting Transformation Frequency: As well as physical factors 
such as the method of particle propulsion, type of particle, and the use of a vacuum and 
baffle, the state of the target tissue also has a significant effect on transformation 
efficiency. 
When bombarding plated suspension cultures, the use of small cell clumps can increase the 
frequency of transformation by providing a larger surface area exposed to bombardment 
per unit packed cell volume. For example, transient GUS expression increased 2.6 fold in 
maize suspension culture cells that were filtered through a 500 1-Jm instead of 1 mm filter 
(Finer et al. 1992). Further, the plating of cell clumps too thickly was shown to reduce the 
proportion of transiently transformed cells (Finer et al. 1992). The use of cells in the 
exponential phase of growth has also been reported to increase transient expression (Sagi 
et al. 1995). 
Osmoticum treatment or drying of tissue has also been shown to increase transient 
transformation. Transient GUS expression was increased 2 - 3 fold when maize 
embryogenic cells were placed on medium containing 0.2 M sorbitol or mannitol prior to, 
and after, bombardment 01 ain et al. 1993b ). A 2 - 3 fold increase in transient GUS 
expression was also observed when cells were dried by leaving them uncovered in a petri 
dish in a laminar flow hood before and after shooting (Vain et al. 1993b ). The basis for the 
osmoticum and drying enhancement of transient expression is thought to be the result of 
plasmolysis of cells which reduces cell damage by preventing extrusion of the protoplasm 
from bombarded cells (yain et al. 1993b). 
1.2.2.4 Other Methods of Direct DNA Transfer 
A number of other methods of direct gene transfer have been reported, including whisker 
mediated (Wang et al. 1995), microinjection (Crossway et al. 1985), laser mediated 
(Weber et al. 1988), electrophoretic (Greisbach 1994), chemically stimulated uptake 
(Freeman et al. 1984), liposome mediated (Deshayes et al. 1985), and ultrasonication 
(Joersbo and Brunstedt 1990). None of these methods are commonly used either because 
they have been difficult to repeat, are too inefficient, have been too technically demanding, 
require expensive specialised equipment or involve the use of protoplasts. 
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1.2.3 Transgenes 
The generation of transgenic plants expressing a particular phenotype requires at least two 
transgenes, the particular gene of interest (the gene which imparts the desired trait) and a 
selectable marker gene. These transgenes need to be linked with an appropriate promoter 
to drive the required level of expression. During the development of a transformation 
protocol for a particular plant species, a gene encoding an easily detectable protein 
(reporter gene) is used. The reporter gene should be linked to a constitutive promoter to 
enable monitoring of transformed cells from the initial transformation, throughout plant 
regeneration, to the final field trails to examine stability, fertility and inheritance. 
1.2.3.1 Promoters 
Promoters are DNA sequences at the 5' end of genes that are responsible for the initiation 
of transcription. They control when and where genes are expressed and the level of 
expression. Promoters for use in plant transformation can be derived from a variety of 
sources including viruses, bacteria and plants. Some promoters that have been used for 
plant transformation are listed in Table 1.1. The cauliflower mosaic virus 35S (CaMV 35S) 
promoter, derived from the CaMV gene encoding the 35S RNA transcript, is one of the 
most widely utilised promoters in plant molecular biology. Although the CaMV 35S 
promoter drives strong and constitutive expression in most dicotyledonous species, it is 
considerably less effective in monocots (e.g. Christensen et al. 1992; Last et al. 1991; 
Cornejo et al. 1993; Rathus et al. 1993). 
Suitable transgene expression levels can be achieved in monocots by using promoters 
derived from monocotyledonous plant genes e.g. the maize polyubiquitin promoter (Ubi-
1 ). Ubiquitin is a highly conserved protein common to all eukaryotes, which is associated 
with cellular processes such as protein turnover (Hershko 1988), chromatin structure 
(Barsoum and V arskavzky 1985), cell cycle control (Rechsteiner 1991 ), DNA repair 
(Jentsch et al. 1987) and response to stress and heat shock (Takimoto et al. 1994). 
Ubi-1 drives strong expressiOn in many monocotyledonous species including mmze 
(Schledzewski and Mendel 1994), rice (Cornejo et al. 1993), wheat (Taylor et al. 1993), 
barley (Schledzewski and Mendel 1994), sugarcane (Gallo-Meagher and Irvine 1993) and 
banana (Sagi et al. 1995). It is active in many tissues but is particularly strong in 
meristematic and vascular tissue. 
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nos Agrobacterium nopaline synthase developmentally regulated, An et al. (1988) 
organ specific 
CaMV35S Cauliflower mosaic virus constitutive Benfey et al. (1990) 
encoding 35S RNA 
rbcSC3 Tomato rubisco small subunit light induced expression in Sugita et al. (1987) 
leaves and roots 
pin2 Potato proteinase inhibitor 2 wound induced Xu et al. (1993) 
petE Pea plastocyanin chloroplast containing cells Pwee and Gray (1993) 
Ubi-1 Maize polyubiquitin strongest in melistematic and Christensen et al. 
vascular tissue, activity (1992) 
increased by heat shock 
Adh-1 Maize alcohol dehydrogenase meristematic tissue, Kyozuka et al. (1991) 
anaerobiosis induced in roots 
Act Rice actin constitutive Zhang et al. (1991) 
Emu Chimeric promoter consisting of constitutive Last et al. (1991) 
maize and Agrobacterium 
sequences 
rbcS Rice rubisco small subunit light induced expression in Kyozuka et al. (1993) 
mesophyll cells 
t Derivation: the organism and protein whose corresponding gene the promoter was derived from. 
t Specificity: tissue in which promoter is active and physiological requirement for activation if applicable. 
Expression vectors utilising Ubi-1 usually include the first exon and first intron of the 
maize polyubiquitin gene since this generally results in increased expression levels. In 
potato, expression of GUS driven by the potato Ubi-7 promoter with intron was ten fold 
higher than with the intronless promoter (Garbarino et al. 1995). The inclusion of an exon 
and intron in the 5' untranslated region of transgenes has also resulted in increased 
expression in rice (Xu et al. 1993, Li et al. 1995) and tobacco (Ohta et al. 1990). This may 
be the result of either increased transcription rates due to promoter elements within the 
intron or exon downstream of the transcription start site (Clancy et al. 1994), or may be the 
result of pre-mRNA protection from RNase by the spliceosome or by more efficient 
polyadenylation (Huang and Gorman 1990). 
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Transgenes used to confer a particular agronomic trait require many different spatial and 
temporal patterns of expression. For pest and disease resistance, transgene expression 
would ideally need to occur only in the susceptible parts of the plant. In some cases, 
depending on the mechanism of resistance, it would be desirable to have these genes 
expressed only when required, such as a wound inducible promoter driving insect and 
disease resistance (Ryan 1990) or transactivation of suicide genes by viral proteins (Hong 
et al. 1996). Transgenes used to improve nutritional value of a crop (Comai 1993) or to 
deliver a vaccine (Mason and Arntzen 1995) would ideally only be expressed in the 
portion of the plant to be consumed. 
Limiting transgene expressiOn to appropriate levels spatially and temporally would 
conserve plant resources. It has also been suggested that it would limit selective pressure 
on insect pests and pathogens (Gould 1988, Lambert and Peferoen 1992). However, most 
plants, to date, have been transformed using constitutive promoters. As transformation 
techniques are becoming more routine, and transgenes designed to perform particular 
functions are becoming available, there is an increasing demand for promoters that can 
drive specific patterns of expression. 
1.2.3.2 Reporter Genes 
Transformation systems for a particular plant species are usually developed using a 
reporter gene. The reporter gene codes for a product that is easily detected within intact 
plant tissue to enable the efficiency and pattern of transformation to be determined. The 
reporter gene should also be amenable to a sensitive quantitative assay to allow 
comparison of promoter activities. Many reporter genes have been used in studies of gene 
expression in higher plants (Table 1.2). The most commonly used is uidA that encodes for 
!3-glucuronidase (GUS) because of its versatility, robustness and relative ease of use. 
GUS is stable at any physiological pH, with an optimum between 5.2 and 8.0, and tolerates 
detergents and widely varying ionic conditions. It is also resistant to thermal inactivation 
and proteases and does not interfere with nmmal cellular metabolism. Further, the 
generally low glucuronidase activity in plants does not interfere with the quantitation and 
validity of the assay (Jefferson 1987) although there have been reports ofhigh endogenous 
glucuronidase activity in some plants (Wozniak and Owens 1994). Glucuronidase activity 
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can be assayed by either histochemical or enzymatic methods. In a histochemical assay, 
the substrate 5-bromo-4-chloro-3-indolyl glucuronide (X-gluc) is converted to a colourless 
indoxyl derivative which then undergoes oxidative dimerisation to form an insoluble 
highly coloured indigo dye (Jefferson 1987). With this assay method, transgene 
expression in particular cells or groups of cells can be detected. With the enzymatic assay, 
the substrate 4-methyl umbelliferyl glucuronide (MUG), is cleaved by GUS to produce 4-
methyl umbelliferone (MU) which can be quantified fluorometrically. The disadvantage of 
using GUS as a reporter gene is that the assay method is destructive and the stained tissue 
is no longer viable. 
~-glucuronidase in vivo 1, in vitro 2 Jefferson 19&7 
lacZ ~-galactosidase in vivo, in vitro Helmer et al. 1984 
cat chloramphenicol acetyltransferase in vitro Herrera-Estrella et al. 1983a 
nptii neomycin phosphotransferase in vitro Bevan et al. 1983 
nos nopaline synthase in vitro Herrera-Estrella et al. 1983a 
ocs octopine synthase in vitro Swanson and Erickson 1989 
Luc luciferase in vivo, in vitro Ow et al. 1986 
Cl andBperu transcriptional activators 3 in vivo Bilang et al. 1993 
gfplO green fluorescent protein in vivo Nieclz et al. 1995 
1. In vivo: gene activity can be detected within intact tissue; in the case of chimeric tissue, transformed cells 
can be distinguished from non-transformed cells. 
2. In vitro: the gene product can be extracted from transformed tissue and subjected to a quantitative assay. 
3. Cl and Bperu are regulatory genes encoding transcriptional activators for the anthocyanin biosynthetic 
pathway. 
A number of other reporter genes are now available which do not involve destructive 
assays. Such genes include luciferase, anthocyanin transcriptional activators, and green 
fluorescent protein. The firefly luciferase gene encodes an enzyme that catalyses the light-
producing ATP-dependent oxidation of luciferin (DeLuca and McElroy 1978). Non-
destructive detection of luciferase expression is possible (Ow et al. 1986); however, this 
method involves expensive reagents and equipment. The regulatory genes involved in 
anthocyanin production have been isolated from maize (Goff et al. 1990) and used as 
reporter genes. The production of anthocyanin can be visualised without any additional 
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substrate or specialised equipment and this reporter gene has been used to determine 
optimum transformation conditions (Bilang et al. 1993). Unfortunately, it is toxic to 
regenerating plants (Bower et al. 1996) thus precluding its widespread use. The most 
recently developed reporter gene is the green fluorescent protein (GFP) from the 
bioluminescent jellyfish, Aequorea victoria (Chal:fie et al. 1994). This protein can be easily 
visualised in living tissue using any fluorescence microscope without the need for other 
reagents (Pang et al. 1996). The use of this reporter gene in plants is only relatively recent 
but is it likely to become widespread as, unlike GUS, it is capable of revealing patterns of 
gene expression spatially, temporally and non-destructively (Pang et al. 1996). 
1.2.3.3 Selectable Marker Genes 
Plant transformation methods are not highly efficient with only a small proportion of 
targeted cells actually receiving the foreign DNA. The efficiency is reduced further as not 
all recipient cells will stably integrate this DNA into their genome. This leads to the 
necessity of being able to place selective pressure in favour of the very small number of 
stably transformed cells. Selective advantage is given to transformed cells by linking the 
gene of interest to a selectable marker gene. This gene may encode an enzyme capable of 
either detoxifying a phytotoxic compound (negative selection) or metabolising a substrate 
(e.g. a carbon source) wild-type plant cells cannot utilise (positive selection). 
There are a number of considerations when choosing a selectable marker gene for 
transformation of a particular plant species. Firstly, the plant must be susceptible to the 
selective agent in order to select effectively against untransformed cells. Secondly, the 
presence of the inactivated form of the selective agent must not interfere with the 
metabolism of a plant cell in such a way as to reduce its capacity to regenerate into a plant 
(Holdford and Newbury 1992). Finally, consideration must be given to the characteristics 
of the crop to be transformed. For example, herbicide resistance should not be used as the 
selectable marker for crops that are potential weeds or which can hybridise with weed 
species. 
Table 1.3 lists selectable markers that have been successfully used for plant transformation. 
The most widely used selectable marker gene is npt II that encodes for neomycin 
phosphotransferase (NPT II). Aminoglycosides such as kanamycin bind to ribosomal 
components and inhibit protein synthesis. Phosphorylation of arninoglycosides by NPT II 
inactivates the antibiotic (Davies and Smith 1978). NPT II is an attractive choice of 
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selectable marker as extensive studies have revealed no scientific reason on health or 
environmental grounds to restrict its use (Fuchs et al. 1993; Nap et al. 1992; Redenbaugh 
et al. 1992). 
neomycin phosophotransferase kanamycin, G418, Bevan et al. 1983 
paromomycin, neomycin 
Ble bleomycin resistance bleomycin, phleomycin Hill et al. 1986 
dhfr dihydrofolate reductase methotrexate Herrera-Estrella et al. 
1983b 
cat chloramphenicol acetyltransferase chloramphenicol Herrera-Estrella et al. 
1983a 
aph!V hygromycin phosophotransferase hygromycin B Waldron et al. 1985 
SPT streptomycin phosphotransferase streptomycin Jones et al. 1987 
aacC3 gentamycin-3-N-acetyltransferase gentamycin Hayford et al. 1988 
aacC4 
bar phosphinothricin acetyltransferase phosphinothricin, bialophos De Block et al. 1987 
EPSP 5-enolpyruvy lshikimate-3- glyphosate Shar et al. 1986 
phosphate synthase 
bxn bromoxynil specific nitrilase bromoxynil Stalker et al. 1988 
PsbA Qs protein atrazine Cheung et al. 1988 
tfdA 2,4-D monoxygenase 2,4-dichlorophenoxyacetic Lyon et al. 1989 
acid 
DHPS dihydropicolinate synthase S-aminoethyl L-cysteine Perl et al. 1993 
AK aspartate kinase high concentrations oflysine Perl et al. 1993 
and threonine 
sul dihydropteroate synthase sulfonamide Guerineau et al. 1990 
csrl-1 acetolactate synthase sulfonylurea herbicides Haughn et al. 1988 
tdc tryptophan decarboxylase 4-methyl tryptophan Goddijin et al. 1993 
xylA Xylose isomerase xylose Haldrup et al. 1998 
t List of selectable markers from Yoder and Goldsbrough (1994) 
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As plant transformation techniques become more advanced, methods of removing or 
inactivating selectable marker genes will eliminate their potential or perceived potential 
hazard and also allow subsequent re-transfom1ation of existing transgenics. Such methods 
may include co-transformation (McKnight et al. 1987), site specific recombination 
(Russell et al. 1992a), transposable elements (Goldsbrough et al. 1993), tissue specific 
promoters ( Ozcan et al. 1993) and targeted gene replacement (Halfter et al. 1992). Some of 
these techniques must be used in combination with conventional breeding and are not 
appropriate for some species where breeding is either impractical or impossible. 
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1.3 Transgenic Virus Resistance Strategies 
1.3.1 Cross-Protection and Pathogen-Derived Resistance 
The phenomenon of cross-protection was first reported by McKinney (1929) who found 
that tobacco plants infected with a mild strain of tobacco mosaic tobamovirus (TMV) did 
not develop severe disease symptoms upon superinfection with a highly virulent strain of 
TMV. This approach has subsequently been used to protect many crops against severe 
strains of a number of viruses including tomato mosaic tobamovirus (ToMV) (Rast 1972), 
TMV, and citrus tristeza closterovirus (CTV) (Fulton 1986). There are a number of 
disadvantages using cross-protection as a control method including (i) infection by a mild 
strain may cause a significant yield loss, (ii) a severe strain may evolve from the mild 
strain, or (iii) the challenge virus may act synergistically with the protecting strain to 
cause more severe disease (Beachy et al. 1987). 
The concept that a pathogen's genome could be used as a source of resistance genes 
(pathogen-derived resistance or PDR) was first proposed by Sanford and Johnston (1985). 
They proposed that overexpression of wildtype or mutant viral genes in a host plant would 
disrupt the life cycle of an incoming virus and confer resistance to the host. With the 
development of efficient plant transformation techniques it has become possible to 
determine which viral determinants are capable of conferring a cross-protection like 
effect. 
1.3.2 Coat Protein-Mediated Resistance 
The first demonstration of virus derived resistance was reported by Powell-Abel et al. 
(1986) who observed that transgenic tobacco plants expressing high levels of TMV coat 
protein (CP) were either resistant to infection by TMV virions or the onset of symptoms 
were delayed. Since then many examples of what is known as CP-mediated resistance 
have been reported. It was initially thought that the CP inhibited virion disassembly in the 
primary infected cells and that this prevented replication and subsequent spread of the 
virus to other cells (Register and Beachy 1988). This hypothesis was based on the 
observation that naked viral RNA, which did not require disassembly before replication, 
could overcome resistance (Powell-Abel et al. 1986). Once established, viral RNA could 
spread unimpaired because TMV RNA does not need to be encapsidated, and then 
disassembled, as it moves between cells. 
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Experiments with alfalfa mosaic virus (AlMV) revealed that transgene expression levels 
influenced the level of resistance and that stages of the virus replication cycle other than 
disassembly may have been involved (Taschner et al. 1994). In transgenic lines producing 
low levels of CP, resistance was only effective against AlMV virions. In contrast, lines 
producing either a mutant CP or high levels of the wild-type CP were resistant to both 
viral RNA and virions. This result suggested that the CP-mediated resistance against 
AlMV acted on at least two different levels. Inhibition of virion disassembly would 
require low level expression of CP while resistance to naked RNA exhibited by mutant or 
high levels of CP could involve any interaction of the CP required for the virus infection 
cycle. These could include interaction with the viral RNA necessary for assembly or virus 
replication (Reusken et al. 1994) or with host plant receptors of the CP (Taschner et al. 
1994). 
CP-mediated resistance can be broad, conferring resistance against different strains of the 
virus, or specific, with resistance only effective against a single strain. It can be difficult to 
predict the specificity of resistance in transgenic plants. For example, cucumber mosaic 
cucumovirus (CMV) can be divided into two groups based on serology and nucleotide 
sequence. CMV -C and CMV -Chi belong to subgroup 1, whereas CMV-WL belongs to 
subgroup 2. Namba et al. (1991) transformed tobacco plants with the CP of either CMV-C 
· or CMV-WL. CMV -C transgenic plants were resistant to CMV -C and CMV -Chi and 
susceptible to CMV-WL. In contrast, CMV-WL transgenic plants showed high resistance 
to all three strains. 
1.3.3 Replicase-Mediated Resistance 
Replicase-mediated resistance was initially discovered during experiments designed to 
determine whether the 54 kD subunit of the TMV replicase was involved in viral 
replication (Golemboski et al. 1990). Transgenic tobacco plants containing a eDNA copy 
of this portion of the replicase gene were resistant to TMV even though the 54 kD protein 
could not be detected. There are now reports of similar replicase-mediated resistance to 
different viruses including potato X potexvirus (PVX) (Braun and Hemenway 1992), 
potato Y potyvirus (PVY) (Audy et al. 1994), pea early browning tobravirus (PEBV) 
(MacFarlane and Davies 1992), cucumber mosaic cucumovirus (CMV) (Anderson et al. 
1992) and cymbidium ringspot tombusvirus (CymRSV) (Rubino et al. 1993). These 
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include transgenic plants containing either the entire wildtype, truncated, or mutated 
versions of the replicase gene. 
Replicase-mediated resistance can confer virtual immunity to infection and, in general, 
tends to be very strain specific (Braun and Hemenway 1992, Audy et al. 1994, 
MacFarlane and Davies 1992, Anderson et al. 1992, Rubino et al. 1993). The mechanism 
of replicase-mediated resistance is unclear. Depending on the particular system under 
investigation, there can be an inverse relationship between the degree of resistance and the 
quantity of expressed viral gene product or no relationship at all. In many cases, the 
translational product cannot be detected in plants that show a high level of resistance. This 
suggests that the resistance mechanism may involve RNA transcripts rather than the 
replication protein itself (Kavanagh and Spillane 1995). 
Carr and Zaitlin (1993) suggested two general models for the mechanism of resistance: 
(i) The replicase protein expressed in a transgenic plant might be one that normally 
functions as a regulatory protein during a natural infection. Thus, its expression in the 
transgenic plant may down regulate virus replication, disrupt the balance of plus versus 
minus strand replication or disrupt a feedback inhibition loop controlling replication 
activity. 
(ii) The replicase protein, by reason of its expression in a mutated or truncated form, or by 
being expressed continuously or at inappropriate concentrations in the cell, interferes with 
replication by competing with its wild-type version for involvement in the replication 
process. The competition may take one of two forms: (a) competition for host factors or 
substrates; or (b) competition for association with other host and virus encoded 
components of the replication complex. 
1.3.4 Movement Protein-Mediated Resistance 
In addition to CP and replicase-mediated resistance, other viral genes have been targeted 
for PDR. Lapidot et al. (1993) and Malyshenko et al. (1993) demonstrated resistance to 
TMV in tobacco plants expressing the viral movement protein (MP). Interestingly, 
resistance was only conferred when the trans gene was a dysfunctional MP. A functional 
MP transgene either had no effect on the virus infection or transgenic plants were more 
susceptible (Zeigler-Graft et al. 1991 ). 
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Resistance conferred by expression of dysfunctional TMV MP is likely to be due to 
competition for plasmodesmata! binding sites between mutant and wildtype MP of the 
inoculated virus (Lapidot et al. 1993). Unlike replicase-mediated resistance, MP-mediated 
resistance has broad-spectrum efficacy. The protection conferred by mutant TMV MP, for 
example, mediated resistance to the viruses of the potex-, cucumo-, and tobravirus groups 
in addition to the tobamoviruses (Cooper et al. 1995). This indicates that MPs of several 
different viruses may interact with the same plasmodesmata! components. 
1.3.5 RNA-mediated Resistance 
In many examples of PDR, there appears to be a correlation between the expression level 
ofthe transgene and the level of protection. However, there are also a number of examples 
where there is no apparent relationship between resistance and the steady state of 
trans gene transcript or encoded protein product. Many examples of what is now known as 
RNA-mediated resistance were discovered in control plant lines during studies of CP-
mediated resistance. Both antisense and untranslatable sense RNA can sometimes confer 
protection to a degree comparable to plants that accumulate coat protein. 
Transgenic tobacco plants carrying an untranslatable tomato spotted wilt tospovirus 
(TSWV) nucleocapsid protein gene exhibited levels of resistance similar to those with the 
translatable gene construct (DeHaan et al. 1992). The phenotype of the resistant plants 
were identical to that reported in plants carrying the translationally competent genes 
suggesting that the previously reported CP-mediated resistance had actually been an 
example of RNA-mediated resistance. Protection was observed against various strains of 
TSWV but not against two related viruses with about 80% nucleotide sequence homology 
to TSWV. A similar phenomenon has been observed using untranslatable or antisense 
genes of potato leafrollluteovirus (PLRV) (Kawchuk et al. 1991), PVY (Vander Vlugt et 
al. 1994) and tobacco etch potyvirus (TEV) (Lindbo and Doughtery 1992). 
Potential mechanisms for RNA-mediated resistance include binding to the genome to 
inhibit replication or translation and competition for host factors needed for viral 
replication (Fitchen and Beachy 1993). However, there are examples where the level of 
RNA accumulating from a virus-derived transgene does not always correlate with the 
degree of virus resistance (Lawson et al. 1990). In tobacco plants exhibiting an extreme 
level of resistance to TEV, there was an association between resistance and post-
transcriptional suppression of transgene expression (Lindbo et al. 1993a) and it was 
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proposed that these two phenomena were caused by the same mechanism. This proposal 
was substantiated by the findings that gene silencing of non-viral transgenes is due to a 
post-transcriptional mechanism (Ingelbrecht et al. 1994, de Carvalho Niebel et al. 1995). 
This post-transcriptional mechanism operates at the RNA level and would therefore have 
the potential to suppress the accumulation of viral RNA that share sequence identity with 
the silenced transgene. 
Further evidence for a link between PDR and transgene silencing came from studies of 
transgenic plants resistant to PVX and PVY (Mueller et al. 1995, Goodwin et al. 1996). In 
plants with transgenic virus resistance, the viral transgenes were also silenced through a 
post transcriptional mechanism. Additionally, in experiments with a PVX vector construct 
carrying GUS sequence, it was confirmed that post transcriptional gene silencing of a 
non-viral transgene (GUS) was able to suppress accumulation of viral RNA. For virus 
suppression, it was only necessary that the viral genome have some sequence identity to 
the transgene (English et al. 1996). 
1.3.6 Post-Transcriptional Gene Silencing and RNA-Mediated Virus Resistance 
The phenomenon of post-transcriptional gene silencing (PTGS) in most likely a part of a 
natural defence system (van den Boorgaart et al. 1998). Non-transgenic kohlrabi infected 
with cauliflower mosaic caulimovirus (CaMV) shows a recovery phenotype, which 
corresponds to a post-transcriptional decrease in viral RNA (Covey et al. 1997). A similar 
phenomenon was observed in tobacco infected with tomato black ring nepovirus (Ratcliff 
et al. 1997). Plants that had recovered from infection were resistant to superinfection but 
the resistance was very strain specific. As described above this defence mechanism has 
been exploited by transforming plants with part of the viral genome to trigger PTGS 
before virus infection. 
There are two current models attempting to explain the link between PDR and PTGS. 
Dougherty et al. (1994) proposed that an inducible cytoplasmic-based cellular activity 
degrades specific RNA sequences. In transgenic plants displaying the recovery phenotype, 
where the initially infected leaves display symptoms but subsequent growth does not, this 
RNA degradation is activated only after virus infection by the additive level oftransgene-
and virus-derived RNA, i.e. a threshold is exceeded. In highly resistant lines, the activity 
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may be fully induced by the transgene transcript. In the case of TEV, once the antiviral 
system is activated, it is absolute in its efficacy against TEV yet it is nofeffective against 
the closely related virus PVY (Lindbo et al. 1993a, Dougherty et al. 1994). 
Baulcombe (1996) proposed that although transgene dosage data and the recovery 
phenomena can be interpreted in terms of a threshold model, data from several systems is 
inconsistent with an RNA threshold PTGS and PDR. In lines displaying RNA-mediated 
resistance to PVX, the transgene transcription level was as high as that in a susceptible 
line transformed with identical constructs (Mueller et al. 1995, English et al. 1996). In 
addition, the threshold model does not explain the delayed onset of resistance in plants 
displaying the recovery phenotype. If a simple quantitative RNA threshold were the major 
limiting factor, it would be expected that resistance would develop throughout infected 
parts of the plant. In fact, there is no resistance in inoculated and lower systemic leaves of 
recovered plants. RNA-mediated resistance only develops in the upper parts of the plant, 
well above the inoculated leaf (Lindbo et al. 1993 a). 
English et al. (1996) have proposed an alternative model in which the crucial factor 
affecting RNA-mediated resistance would be qualitative rather than quantitative. 
According to the qualitative model, a transgene would confer resistance only if it is 
transcribed to produce an aberrant RNA. This model proposes that interaction between 
viral RNA and homologous integrated transgene results in a recovery phenotype, or an 
interaction between multiple copies of the trans gene leads to a resistant phenotype or in 
the case of non-viral transgenes to gene silencing. Methylation or other reversible 
modifications would lead to the production of aberrant RNA (Barry et al. 1993) that could 
modulate the resistance mechanism. There are also inconsistencies with this model. 
Firstly, it does not explain the results of nuclear run on assays which show the same level 
of transgene RNA within the nucleus of unchallenged plants and challenged recovered 
plants but reduced levels of total transgene RNA in the recovered plants. This indicates 
degradation of a specific RNA in the cytoplasm (Dougherty et al. 1994). Further, it can 
not explain conventional cross-protection which does not involve methylation of 
integrated transgenes. 
Recent studies have shown that neither the threshold nor aberrant RNA models adequately 
explain PTGS or PDR. Waterhouse et al. (1998) transformed tobacco with either sense or 
28 
antisense forms of the PVY protease (pro) coding region. When crossed, progeny carrying 
both sense and antisense PVY pro displayed resistance at a much higher frequency than 
those with either sense or antisense alone. Waterhouse et al. (1998) went on to show that 
PTGS could be very efficiently induced by supertransforming GUS transformed rice with 
a GUS construct designed to produce a transcript that would fold back on itself to form 
dsRNA. Rice callus transformed with the dsRNA construct displayed GUS PTGS at a 
much higher frequency than callus transformed with either sense or antisense GUS 
constructs. 
In contrast, Voinnet et al. (1998) induced PTGS in GFP transformed plants using a 
promoterless GFP construct. They proposed that it was interaction between the episomal 
and integrated GFP that induced the silencing. Interestingly, the PTGS was induced by 
agro-inoculation or microprojectile bombardment of a single leaf and the signal moved 
systemically throughout the whole plant. This signal appeared to move long distances 
through the phloem from mature leaf to younger leaves and roots, i.e. from source to sink, 
and short distance through plasmodesmata. GFP was not silenced in cells that were 
symplastically isolated such as mature guard cells and meristems. Further, the signal 
could move from a GFP silenced rootstock, through a non-transgenic intermediate scion, 
to a GFP expressing scion. This phenomenon is interesting because PTGS of viral genes 
could be induced by 'vaccinating' plants rather than transforming them. However, 
resistance may not persist throughout the life of the plant and may be as brief as 30 days 
(Ruiz et al. 1998). 
The PTGS/PDR models proposed are very different but are not necessarily mutually 
exclusive. Voinnet et al. (1998) proposed that ectopic interaction between episomal and 
integrated GFP DNA would lead to the formation of antisense (aberrant) RNA 
(Baulcombe and English 1996). This would allow the formation of dsRNA that would 
trigger PTGS as described by Waterhouse et al. (1998). There may even be a threshold 
level of dsRNA required to trigger PTGS. Plants contain RNA dependent RNA 
polymerase (Schiebel et al. 1993) and the level of this enzyme increases during virus 
infection (van der Meer et al. 1984). This enzyme could produce dsRNA from transcripts 
of viral or genomic origin (Lindbo et al. 1993a). The trigger for synthesis of 
complimentary strand RNA could be a high level of transcript, i.e. a threshold is 
exceeded, recognition of a foreign transcript, aberrant RNA or a combination of these 
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factors. All the proposed models therefore may be part of the same mechanism or two 
mechanisms with overlapping pathways. 
What is difficult to explain at present is that the model proposed by Baulcombe and 
English (1996) requires integrated viral sequences to produce antisense (aberrant) RNA. 
Integration of viral nucleic acid does occur but is not universal. What is more likely is that 
the ectopic DNA interactions are part of the plants own gene regulation system (Voinnet 
et al. 1998). 
In the ongoing competition between pathogen and host, it now appears that some viruses 
encode a protein that inhibits PTGS. Brigneti et al. (1998) infected GFP. transformed 
tobacco displaying PTGS with PVY. As the infection spread, GFP expression returned. It 
was believed that the HCPro potyviral protein was responsible for PTGS suppression. A 
PVX vector containing PVY HCPro was constructed and introduced into PTGS GFP 
tobacco. Again PTGS was suppressed whereas infection with PVX carrying PVY CP or 
Pl had no effect. Kasschau and Carrington (1998) reported a similar finding using a 
different method. GUS transformed tobacco exhibiting PTGS were crossed with plants 
containing TEV P1/HCPro. Progeny that contained GUS only were resistant to a TEV 
vector carrying GUS sequence whereas plants containing both GUS and P1/HCPro were 
susceptible. PTGS suppression by viral encoded proteins should be considered as a 
potential contributor to the breakdown of RNA-mediated resistance to potyviruses and 
possibly other viruses. 
How all these mechanisms interconnect and the best way to exploit PTGS for virus 
resistance is still unclear although much progress has been made in understanding the 
phenomenon. What is clear is that it will form part of a range of strategies used to 
minimise the crop losses caused by viruses. 
1.3. 7 Other Methods of Transgenic Virus Resistance 
Other methods of transgenic virus resistance include the use of satellite RNAs (Gerlach et 
al. 1987), ribozymes (Symons 1991 ), virus specific plant encoded resistance genes 
(Whitham et al. 1996), antiviral proteins (Lodge et al. 1993), antibodies (Tavladoraki et 
al. 1993) and latent suicide genes (Hong et al. 1996). 
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1.3.8 Transgenic Resistance to ssDNA Viruses 
Most examples of transgenic virus resistance involve PDR to RNA viruses which have 
very different modes of replication to DNA viruses. Transgenic resistance to ssDNA 
viruses has only been reported for the geminiviridae. 
Kunik et al. (1994) transformed tomato plants with the capsid protein (VI) gene of tomato 
yellow leaf curl geminivirus (TYLCV). When inoculated with TYLCV, some lines 
displayed symptoms similar to wildtype plants, whereas other lines had delayed 
symptoms and recovered. Although the recovery phenotype fits the RNA threshold model 
(Dougherty et al. 1994), it is unlikely the resistance was RNA-mediated as only plants 
expressing the capsid protein were resistant whereas plants expressing the V1 transcript 
only were susceptible. The capsid protein is involved in the transport of virions to the 
nucleus which is a requirement for replication. Kunik et al. (1994) suggested that the 
resistance might be caused by competition for the limited quantity of proteins needed to 
transport the virions to the nucleus. 
Hong and Stanley (1996) transformed tobacco plants with the replicase (Rep) gene (AC1) 
of African cassava mosaic geminivirus (ACMV). When inoculated with ACMV, all 
transgenic lines that produced detectable levels of the RNA transcript had reduced viral 
DNA replication and showed some level of resistance with some lines remaining 
symptomless. None of the transgenic lines could support the systemic infection of an 
ACMV AC 1 mutant indicating that either the Rep was not being produced or that the 
constitutive expression of AC1 disrupted replication. If the Rep was not being produced 
then resistance would be RNA-mediated and therefore sequence specific. In fact, none of 
the transgenic lines were resistant to the related geminiviruses tomato golden mosaic 
geminivirus (ToGMV) or beet curly top geminivirus (BCTV) indicating a high degree of 
sequence homology was required. However, Hong and Stanley (1996) did not use western 
blot analysis to detect the AC 1 protein, or nuclear run on assays to determine if the RNA 
transcript was degraded after leaving the nucleus, making it difficult to determine if 
resistance was protein or RNA-mediated. 
Bendahmane and Gronenborn (1997) reported RNA-mediated resistance in tobacco plants 
transformed with the antisense Rep gene (C1) of TYLCV. Transgenic plants expressing 
C1 antisense RNA had varying levels of resistance from reduced symptoms to complete 
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absence of symptoms. In symptomless plants, replication of TYLCV was almost 
completely suppressed. The transgenes mediating resistance were shown to be effective 
through at least two generations of progeny. 
Brunetti et al. (1997) transformed tomato with a truncated form ofTYLCV Cl capable of 
expressing the N-terminal 210 amino acids of the Rep protein. Transgenic plants 
accumulating the truncated Rep protein had pronounced leaf curling and were TYLCV 
resistant whereas plants expressing very low concentrations of the Rep protein did not 
have the 'curled' phenotype and were susceptible. It was suggested that the Rep proteins 
effect on plant host factors involved in cell cycle regulation caused the 'curled' phenotype 
(Xie et al. 1995). It had earlier been shown that the truncated Rep protein inhibited viral 
DNA replication in tobacco protoplasts (Noris et al. 1996) and therefore resistance was 
most probably protein-mediated. 
Duan et al. (1997) transformed tobacco plants with the tomato mottle geminivirus 
(TMoV) movement protein gene (BCl). Transgenic lines expressing the BCl protein had 
phenotypes ranging from severe to no visible symptoms. Western blot analysis revealed 
similar levels ofBC1 in all phenotypes. Non-symptomatic plants had broad resistance and 
remained symptomless when inoculated with TMo V or cabbage leaf curl geminivirus 
(CabLCV). Both the symptomless phenotype and virus resistance were associated with 
serendipitous mutations that had occurred in the amino terminus of the BC 1 protein. Virus 
could be detected in inoculated leaves but not in upper leaves indicating that the mutated 
BCl suppressed systemic movement of the virus. Segregation of non-symptomatic lines 
revealed some progeny with symptoms. This indicated that in transgenic tobacco 
containing both mutant and wildtype forms of BC1, the mutated BC1 protein suppressed 
symptom induction by the wildtype BC1 protein. 
Transactivation of promoters by viral proteins is a phenomenon that can be exploited to 
construct suicide genes. This method was used by Hong et al. (1996) to obtain ACMV 
resistant transgenic plants. Tobacco plants were transformed with the gene coding for the 
ribosome-inactivating protein, dianthin, a natural plant toxin isolated from Dianthus 
caryophyllus (Legname et al. 1991). This gene was placed under the control of the ACMV 
virion sense promoter which is transcriptionally transactivated by the translational product 
of the complementary sense gene, AC2 (Haley et al. 1992). When challenged with 
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ACMV, transgenic plants produced atypical necrotic lesions on the inoculated leaves 
indicative of dianthin expression. Viral DNA accumulation was significantly reduced in 
these tissues and plants exhibited attenuated symptoms from which they recovered. The 
resistance was effective for other isolates of ACMV but not for other geminiviruses 
including ToGMV, BCTV, abutilon mosaic geminivirus (AbMV), and ageratum yellow 
vein geminivirus (A YVV). This suggested that the AC2 homologues from other 
geminiviruses were not able to efficiently transactivate the ACMV promoter. 
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1.4. Banana Transformation 
1.4.1 Banana Tissue Culture 
The culture of banana shoots in vitro is a routine procedure and is used for applications 
such as conservation of germplasm (De Langhe 1984), elimination of viruses from infected 
material (Berg and Bustamente 1974) and provision of disease-free planting material 
(Hwang et al. 1984). Aseptic shoot cultures can be easily initiated (Hamill et al. 1993) and 
multiplication rates as high as 9 fold per month are possible (Cronaur and Krikorian 1984). 
The commercial production of micropropagated banana is established in many countries 
and it is estimated that 15-20 million plants were produced in 1991 (Israeli et al. 1995). 
Plants derived from tissue culture produce larger bunches and have a shorter cycling time 
than plants propagated in the field via suckers (Robinson et al. 1993). However, there are 
reports that plants derived from tissue culture have increased susceptibility to Fusarium wilt 
(Smith et al. 1998). The tissue culture process also increases the frequency of somaclonal 
variation. This has led to the development of procedures to detect somaclonal variation in 
vitro (Damasco et al. 1996) and also to reduce its frequency (Israeli et al. 1996). 
The genetic instability of banana can be exploited via mutation breeding. In vitro plantlets 
can be subjected to selective pressure directly (Matsumoto et al. 1995). Naturally occurring 
variants within the shoot population able to survive the selective pressure can then be 
identified. Alternatively, the mutation rate can be increased by subjecting the plantlets to 
irradiation (Novak et al. 1990) or a chemical mutagen (Omar et al. 1989) and the resulting 
plants assessed for new useful traits. 
Tissue culture techniques are also used in conjunction with conventional breeding. Banana 
breeding has been hampered by poor seed set and low germination rates. Embryos can be 
rescued from the small number of seed produced and cultured in vitro, increasing the 
germination rate 10-fold (Ortiz et al. 1995). 
The production of non-chimeric transgenic banana plants requires a technique for 
regenerating plants from single transformed cells. Further, irrespective of the method of 
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transformation, only a very low proportion of cells treated become stably transformed. 
Therefore, an efficient transformation system requires a target tissue containing a large 
number of totipotent cells. Embryogenic cultures are an ideal target tissue for banana 
transformation since they contain a very high number of cells which are capable of 
regeneration. Somatic embryogenesis of several important cultivars has been reported 
(Table 1.4). In all cases, the explant used contained undifferentiated cells which appears to 
be required for monocot somatic embryogenesis (Krishnaraj and Vasil1995). 
In terms of usefulness for banana transformation, a good somatic embryogenesis method 
must be: (i) repeatable, (ii) able to be applied to many cultivars, especially those within the 
AAA group, (iii) able to rapidly proliferate embryogenic cells in order to supply the large 
amount of cells required for production of transgenic plants, and (iv) able to produce a large 
number of embryos of which a high percentage are capable of regenerating into plants. 
A method reported by Shii et al. (1992) and further developed by Escalant et al. (1994), 
Cote et al. (1996) and Grapin et al. (1996) has all these attributes. This method has been 
repeated by several research groups for 11 different cultivars including those within the 
AAA and AAB groups. Immature flowers are isolated from near the apical meristem of the 
male inflorescence and placed on somatic embryo induction mediun1 without subculture for 
up to five months. Once embryogenic callus forms, it is placed in liquid medium where a 
cell suspension is produced. Suspensions are highly proliferating and will multiply five-fold 
in one month. One mL of cells (packed cell volume) is capable of producing 3. 7 x 105 
embryos of which 20% germinate into plantlets (Cote et al. 1996). 
1.4.2 Current Methods of Banana Transformation 
There have been only two reports of stable transformation of banana. May et al. (1995) 
reported the transformation of 'Cavendish' (AAA group) meristems using Agrobacterium. 
In this method in vitro plantlet corms were sectioned transversely and the exposed 
meristems wounded via microprojectile bombardment. Meristems were then co-cultivated 
with Agrobacterium on a mediun1 containing acetosyringone. Regenerated chimeric plants 
were then put through a series of multiplication steps to produce a stably transformed non-
chimeric plant. Although this technique has potential, at present it is limited by low 
transformation and production of chimeras. 
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none 
Musa ornata Roxb. Immature zygotic embryogenic callus Cronauer-Mitra and Krikorian 
Embryos on solid medium (1988) 
Mus a acuminata (AA) Immature zygotic embryogenic callus Escalant and Tiesson (1989) 
Musa balbisiana (BB) Embryos on solid medium 
Grand Nain (AAA) Corm tissue and cell suspension Novak et al. (1989) 
Bocadilla (AA) Leaf sheath bases 
SH-3362 (AA) 
Cardaba (ABB) 
Bluggoe (ABB) Proliferating cell suspension Dheda et al. (1991) 
meristems 
Pei-Chiae (AAA) Immature male cell suspension Shii et al. (1992) 
Sien-Jen Chiao (AAA) Flowers 
Robusta (AAA) 
B.£ (AAA) 
Musa acuminata (AA) Immature zygotic cell suspension Marroquin et al. (1993) 
Embryo 
Grand Nain (AAA) Immature male secondary Escalant et al. (1994) 
Yangambi (AAA) Flowers embryogenesis 
Plantain (AAB) 
Mysore (AAB) 
Silk(AAB) 
Grand Nain (AAA) Immature male cell suspension Cote et al. (1996) 
Flowers 
French Sombre (AAB) Immature male cell suspension Grapin et al. (1996) 
Flowers 
Embul(AAB) Proliferating none Nirimburegama and Gamage 
Kolikutta (AAB) meristems (1997) 
Grand Nain (AAA) Corm tissue none Navarro et al. (1997) 
Musa acuminata (AA) Immature zygotic 
Embryos 
Nanicao (AAA) Leaf sheath bases none Conceicao et al. (1998) 
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Sagi et aL (1995) reported the production of transgenic 'Bluggoe' (ABB group), a cooking 
banana, using microprojectile bombardment. In this method, highly proliferating meristem 
cultures were generated by culturing shoots on medium containing 6-benzylamino purine 
(BAP). The meristems were excised and used to initiate embryogenic cell suspensions 
(Dhed'a et al1992) and the cells transformed with uidA and hph (hygromycin resistance). 
Cells were then cultured in liquid medium containing 50 mg/L hygromycin and, after three 
months, actively growing cell aggregates were plated onto solid medium for embryo 
formation and plant regeneration. This technique has two limitations. Firstly, several 
months of intensive shoot multiplication is required to generate the explant used to initiate 
the embryogenic cell suspensions (Schoofs 1997). This can result in a high frequency of 
somaclonal variation (Smith 1988, Reuveni and Israeli 1990). Secondly, the 'Bluggoe' 
cultivar is of limited value due to its susceptibility to Fusarium wilt (Jeger at al 1995); 
however, this cultivar may serve as a model for assessing the efficacy of promoters and 
trans genes. 
1.4.3 Banana Promoters 
There has been very little investigation into promoter efficacy in banana. This reflects the 
fact that banana transformation is relatively new and also the general lack of promoters with 
high activity in monocotyledenous plants. Double CaMV 35S promoter (Bekkaoui et al. 
1990), double CaMV 35S with alfalfa mosaic virus leader (AMV) sequence (Datla et al. 
1993), EMU promoter (Last et al. 1991) and maize polyubiquitin promoter (Christensen et 
al. 1992) have been compared via transient GUS expression using microprojectile 
bombardment of 'Bluggoe' embryogenic suspension cells (Sagi et 1995). The maize 
polyubiquitin promoter produced the highest GUS expression followed by, in descending 
order, CaMV35S-CaMV35S-AMV > EMU > CaMV35S-CaMV35S. There has been no 
comparison of promoters driving gene expression in stably transformed banana. This is 
important as some promoters may drive strong expression transiently but low or no 
expression in stably transformed plants (Bower et al. 1996). Further, there is a positive 
correlation between promoter strength and post-transcriptional gene silencing (PTGS) (Que 
et al. 1997). RNA-mediated virus resistance could therefore depend on promoters with high 
activity in banana. 
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1.4.4 Selectable Marker Genes 
Both hph (hygromycin resistance) and npt II (kanamycin resistance) have successfully been 
used as selectable marker genes in banana transformation (Sagi et al. 1995, May et al. 
1995). npt II would appear to be the selectable marker gene of choice because it has been 
extensively studied and there are no health or environmental reasons precluding its use 
(Fuchs et al. 1993, Nap et al. 1992, Redenbaugh et al. 1992). 
1.4.5 Virus Resistance Genes 
From surveying strategies for transgenic virus resistance in other crops it is clear that 
resistance can act at different levels (PTGS, RNA/RNA interaction, or protein) and can be 
very broad, covering several virus groups (Cooper et al. 1995), or very specific, being 
effective only against a single strain (DeHaan et al. 1992). In general, where resistance is 
mediated by the CP or mutated MP the resistance tends to be broad (Stark and Beachy 
1989, Cooper et al. 1995). In contrast, where resistance involves PTGS or RNA/RNA 
interactions, resistance tends to be strain specific (De Haan 1992). This reflects the fact that 
the specificity of gene silencing and RNA-mediated resistance, by its very nature, must 
operate at the nucleotide sequence level (Dougherty et al. 1994). 
Transgenic virus resistance should have two characteristics. Firstly, it should result in broad 
resistance in order to be durable against sequence variability amongst virus strains. Further, 
it should prevent or disrupt virus replication. Sequence variability, which can lead to 
resistance breaking strains, can only arise during virus replication due to either errors 
occurring during nucleic acid strand synthesis or recombination with other viruses (Aranda 
et al. 1997). 
Resistance strategies that operate at the protein level can achieve these two goals. CP 
mediated resistance, when operating at the protein level, can prevent disassembly of the 
virion and prevent replication, while mutated MPs can prevent movement from the 
originally infected cell. Both methods provide broad resistance (Stark and Beachy 1989, 
Cooper et al. 1995). 
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Transgenic Resistance to BBrMV: Banana bract mosaic is a member of the Potyviridae 
group (Bateson and Dale 1995). There are many examples of resistance to potyviruses using 
the CP coding region as either full length, truncated or untranslatable (Lindbo et al. 1993b ). 
The CP and nuclear inclusion protein (Nib) regions of several BBrMV isolates have been 
cloned and sequenced (Rodoni et al. 1997). Sequence comparison of the CP region and the 
3' untranslated region revealed 96.6% homology between Indian and Philippines isolates 
(Rodoni et al. 1997). CP mediated resistance to BBrMV should give a high level of broad 
protection to cope withsequence variability. Broad protection may also provide resistance 
against potential resistance breaking strains i.e. as yet uncharacterised strains of the virus or 
new sequence variability that has arisen during normal virus replication. The Nib of 
potyviruses has also been successfully used to confer resistance (Guo and Garcia 1997). 
Therefore, the BBrMV Nib may also provide protection. 
Transgenic Resistance to BBTV: BBTV is a ssDNA virus comprising at least six circular 
components. It belongs to a new group of viruses, the nanovirus group, and the function of 
many of the gene products is not known. To date, the gene encoded by BBTV DNA-3 has 
been identified as the CP gene (Wanitchakom et al. 1997) and the BBTV DNA-1 major 
gene as the replicase gene (Harding et al. 1993, Hafner et al. 1997a). The functions of other 
BBTV genes have not been confirmed. 
As discussed in section 1.3.8, several PDR strategies using CP and replicase genes have 
met with some success in conferring resistance to geminiviruses, which are ssDNA viruses, 
and these may be applicable to BBTV. Sequence analysis of BBTV isolates from three 
different countries revealed 90% sequence homology within the gene of the CP 
(W anitchakom, Harding and Dale unpublished results) and it is not known whether the CP 
gene from one isolate will protect against other BBTV strains. However, CP-mediated 
resistance can be broad (Stark and Beachy 1989) and may cover this variability. 
Sequence variation of the component encoding the Rep gene within isolates of the South 
Pacific group including Australia was 1.9%. However, between the South Pacific and Asian 
39 
groups, it was 9.6% (Karan et al. 1994). Resistance mediated by the Rep gene at the protein 
level may provide broad resistance. A mutated or truncated replicase or constitutive native 
Rep expression may interfere with virus replication. Alternatively, RNA-mediated 
resistance or gene silencing targeting highly conserved regions of the BBTV genome may 
be used. Expressing the sequence at high enough levels to activate the gene silencing 
mechanism (Dougherty et al. 1994) or utilising a construct that produces dsRNA 
(Waterhouse et al. 1998) may induce PTGS of BBTV transcripts. 
Mutated MP-mediated resistance would be an alternative protein mediated resistance 
against BBTV but there are some considerations. Firstly, the method of BBTV cell to cell 
movement is not known and may not be as susceptible to interference as the geminiviruses. 
Secondly, constitutive production of mutated MP throughout the plant to interfere with 
plasmodesmata! functioning may have a negative effect on the agronomic performance of 
the plant. 
The BBTV DNA-5 encodes a gene whose protein contains a putative retinoblastoma 
binding-like motif (Wanitchakorn, Hafner, Harding and Dale, unpublished results) similar 
to that found in subgroup I geminiviruses (Xie et al. 1995). It has been proposed that this 
protein causes cells to enter S phase of the cell cycle where DNA replication occurs (Xie et 
al. 1996) thus being permissive to geminivirus replication. This gene appears to be 
important in the early stages of infection (Hafner et al. 1997b). Targeting this gene for 
PTGS could stop the virus replicating at the site of infection. 
BBTV DNA-1 contains two genes. The major gene encodes the Rep (Hafner et al. 1997a) 
while the internal gene (Beetham et al. 1997) encodes a protein of unknown function but 
may possibly be involved in virus replication (James, Horser, Harding and Dale, 
unpublished results). A similarly located gene in tomato golden mosaic geminivirus also 
has an influence on virus replication (Groning et al. 1994). Over expression or post-
transcriptional silencing of this gene product may therefore interfere with virus replication. 
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Once the role of all BBTV genes in the virus infection/replication cycle is better 
understood, other strategies may be developed. This may involve using BBTV encoded 
proteins to down regulate virus replication or to transactivate a BBTV promoter driving a 
suicide gene (Hong et al. 1996). Both strategies would minimize viral replication and also 
give broad resistance. Broad resistance would allow the same transgenic resistant line to be 
used in a number of regions and would also give greater protection against potential 
resistance breaking strains. 
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Chapter 2: Aims and Objectives 
Like all crops, bananas are susceptible to a wide range of pests and diseases. One group 
of banana diseases that currently cannot be controlled by any means other than 
quarantine and destruction of infected plants is viral diseases. BBTV causes the most 
important viral disease affecting banana while BBrMV also causes significant losses in 
regions where it is present. The most attractive approach to control these viruses is 
through the use of resistant cultivars. Unfortunately, none exist or are likely to be 
generated through conventional breeding. Thus, the stable integration of pathogen-
derived resistance genes into the banana genome is the only realistic option for 
developing resistant cultivars. A knowledge of gene functions of BBTV and BBrMV 
combined with plant transformation techniques can be used to develop virus resistant 
bananas. 
Description of Scientific Problem Investigated 
Although some recent progress has been made in the genetic engineering of bananas the 
level of progress is relatively low in comparison to crops of similar importance. In vitro 
regeneration systems have been developed for several banana cultivars including some 
of significant commercial value. There are also a limited number of reports of banana 
transformation. However, this technology has yet to be further developed and fully 
exploited. Thus, there is an urgent need to have available an efficient transformation 
protocol for banana cultivars of economic importance and use this to develop virus 
resistant cultivars. 
Overall Objectives of the Study 
The main objectives of this study were to assess the efficacy and improve the efficiency 
of existing banana transformation techniques, develop new transformation techniques if 
necessary and to transform banana with constructs likely to confer resistance to BBTV 
and BBrMV. It was anticipated that this research would lead to the development of: (i) 
more efficient and reliable techniques for establishing banana embryogenic cell 
suspensions and transformation systems, (ii) a better level of understanding of gene 
expression in stably transformed banana and the possible adverse affects of the 
transformation process, and (iii) transgenic bananas that are resistant to BBTV and 
BBrMV. 
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Specific Aims of the Study 
The specific aims of this study were to: (i) assess the efficacy of previously published 
banana transformation techniques, (ii) improve the efficiency of existing banana 
transformation techniques and/or develop new techniques, (iii) assess the activity of a 
range of commonly utilised and novel promoters both transiently and in stably 
transformed banana, (iv) characterise stably transformed banana in relation to the 
stability and pattern of trans gene expression and the level of somaclonal variation, and 
(v) based on the current level of knowledge of pathogen-derived resistance and gene 
functions ofBBTV and BBrMV, transform banana with constructs likely to confer virus 
resistance. 
Account of Scientific Progress Linking the Scientific Papers 
Previously published transformation methods were assessed to determine which were 
reproducible and efficient. Transformation by microprojectile bombardment of 
'Bluggoe' embryogenic suspension cells showed potential and this technique was 
further optimised. Stably transformed 'Bluggoe' were used to assess the activity, 
stability and tissue specificity of the CaMV 35S and maize polyubiquitin-1 promoters. 
Further, the transient and stable activity of the BBTV -derived promoters was examined 
in tobacco and 'Bluggoe'. One promoter in particular, derived from BBTV DNA-6, 
showed great potential and its activity was further enhanced by insertion of an intron 
between the promoter and the transgene. The BBTV DNA-6 promoter was then used to 
construct effective selectable marker cassettes. Subsequently, a large number of 
transgenic 'Bluggoe' lines containing potential virus resistance constructs were 
produced. Embryogenic cell suspensions of 'Cavendish' banana were initiated and used 
to develop a transformation technique using microprojectile bombardment. 'Cavendish' 
banana was transformed with potential virus resistance constructs; however, the 
transformation efficiency was low. The technique of establishing embryogenic cell 
suspensions from immature male flowers was further optimised and the effect of source 
tissue and explant on the embryogenic response elucidated. Suspensions of several 
cultivars including 'Cavendish' (AAA) (both 'Grand Nain' and 'Williams'), SH-3362 
(AA), 'Goldfinger' (AAAB) and 'Bluggoe' (ABB) were established. The 
transformation of 'Cavendish' banana cultivar 'Grand Nain' was further developed into 
a highly efficient system with an average of 30 transformed plants generated per 
bombardment. 
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Summary 
Embryogenic suspension cells of banana (Musa spp. L. cv. 'Bluggoe', ABB Group) were 
transformed via microprojectile bombardment and plants regenerated under selection. 
Regeneration was followed from single transformed cells to whole plants using a reporter 
gene encoding the green fluorescent protein (GFP). The neomycin phosphotransferase (npt 
II) gene under the control of a banana bunchy top virus (BBTV) promoter was used to 
confer antibiotic resistance. Selection with kanamycin allowed the regeneration of a greater 
number of transgenic plants than geneticin, while still preventing the regeneration of non-
transformed plants. The transformation efficiency was high, with several plants derived 
from independent transformation events produced per bombardment. Southern 
hybridisation confirmed stable integration of npt II into the banana genome while a co-
transformation frequency of 77.8% was determined using PCR. The maize polyubiquitin-1 
promoter (Ubi-l) drove over five-fold higher p-glucuronidase (GUS) expression than the 
cauliflower mosaic virus (CaMV) 35S promoter in stably transformed banana plants. Both 
GUS and GFP was detected in transgenic plants for up to six months after transfer from 
tissue culture to the glasshouse. 
Abbreviations: CaMV 35S - cauliflower mosaic virus 35S promoter, CTAB - cetyl-
trimethylammonium bromide, GFP - green fluorescent protein, GUS - P-glucuronidase, 
NPT II - neomycin phosphotransferase, PCR - polymerase chain reaction, Ubi-1 - maize 
polyubiquitin-1 promoter, UTR- untranslated region. 
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Introduction 
Bananas and plantains are a major staple food and make a significant contribution to export 
revenue in many tropical and subtropical developing countries with world production 
estimated at more than 88 million tonnes annually (Anon 1998). Unfortunately, the 
incidence of disease threatens banana production world-wide. Efforts to overcome the 
problem of diseases through conventional breeding of Musa have been hampered by low 
fertility, triploidy, long generation time and lack of genetic variability (Vuylsteke and 
Swennen 1992). Therefore, genetic engineering of bananas is an attractive alternative for 
developing disease resistant plants from established cultivars. 
There have already been reports of the transformation of banana and trans gene expression 
in banana. Sagi et al. (1995a and 1995b) compared the effectiveness of several promoters in 
transient assays using embryogenic suspension cells and protoplasts of the 'Bluggoe' 
cooking banana cultivar. Subsequently, stably transformed 'Bluggoe' plants were generated 
by microprojectile bombardment of embryogenic suspension cells (Sagi et al. 1995b). 
Stably transformed 'Cavendish' banana has also been generated using Agrobacterium-
mediated transformation of meristems (May et al. 1995). 
While Sagi et al. (1995b) examined promoter activity in transient assays and Sagi et al. 
(1995a) and May et al. (1995) produced stably transformed banana, there was no 
comparison of promoter activity in stably transformed plants and continued transgene 
expression was not monitored after removal of plantlets from the in vitro environment. 
Information in relation to promoter activity in stably transformed plants is essential for the 
generation of transgenic bananas resistant to various diseases. In this paper, we report a 
protocol for the production oflarge numbers of transgenic banana cv. 'Bluggoe' (Musa spp. 
ABB) with particular reference to promoter activities, co-transformation frequency and 
stability oftransgene expression in a glasshouse environment. 
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Materials and Methods 
Plant material 
Embryogenic cell suspensions of banana (cv. 'Bluggoe' Musa spp. ABB) were initiated and 
maintained essentially as described by Dhed'a et al. (1991). Initiation and maintenance 
media contained a higher 2,4-D concentration (7.5 J.LM in place of 5.0 J.LM) than described 
by Dhed'a et al (1991) and was designated BH medium. Suspension cells were collected 4 
days after subculturing and passed through a 450 J.Lm mesh. The filtrate was then 
centrifuged at 130 x g for 10 min. Sufficient supernatant was removed to leave a packed 
cell volume/liquid medium ratio of approximately 1:5. Cells were then resuspended and 
dispensed in 200 J.LL aliquots onto 70 mm diameter Whatman filter paper discs in 90 mm 
Petri dishes containing BH medium solidified with 7g r1 Sigma washed agar. Cells were 
bombarded four days after plating. 
Plasmids 
Schematic representations of the transformation vectors used in this study are shown in 
Figure 3.1. The plasmids pDHKan, pGUS2 and pUGR73 were gifts from Linda Tabe and 
David McElroy (Division of Plant Industry, CSIRO, Canberra.). The plasmid pGUS2 
contained the CaMV 35S promoter, uidA reporter gene and CaMV 35S 3' UTR. The 
plasmid p2K7 was provided by Rosemary Lines (Queensland University of Technology). 
The Ubi-1 promoter and first intron were subcloned from pUGR73 as a Psti fragment into 
Psti digested pGEM3zt. This construct was designated pGEM-Ubi. 
The Ubi-1 promoter and intron fragment were excised from pGEM-Ubi as a Hindiii!BamHI 
fragment and inserted into the Hindiil/ BamHl sites located upstream of the green 
fluorescent protein (gfp) gene in pGEM-GFP (Dugdale et al. 1998). This construct was 
designated pUbi-GFP. 
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p2K7-I35S Pro H uidA H NOS T H 35S ProH nptii H 35S T 
pDHKan-j35S ProH nptll H 35S T f-
pUGR73-I Ubi ProH Ubi Int H uidA H RbcS Tl-
pUbi-GFP-1 Ubi Pro H Ubi Int H gjjJ H NOS T!-
pBin-BT6.3-NPT-IBT6.3 ProH nptii H 35S T H35S Pro H uidA H 35S T 
pBT6.3-Ubi-NPTiBT6.3 Pro~ Ubi Int H nptii H NOS T t-
BamHI 
Figure 3.1. Schematic representation of gene constructs used for banana transformation. 
35S Pro= cauliflower mosaic virus 35S promoter, uidA = P-glucuronidase reporter gene 
(GUS), NOS T = nopaline synthase 3' UTR, npt II= neomycin phosphotransferease gene, 
35S T = cauliflower mosaic virus 35S 3' UTR, Ubi Pro = promoter from the maize 
polyubiquitin-1 gene, Ubi Int = first exon and intron from the maize polyubiquitin-1 gene, 
rbcS T =tobacco rubisco 3' UTR, GFP = green fluorescent protein reporter gene (gfp), 
BT6.3 Pro=promoterfromBBTVDNA-6. 
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Promoter BT6.3 (239 bp) was amplified from BBTV DNA-6 (Burns et al. 1995) by PCR 
using primers, BT6C1: 5'-GGATCCGCTTCGTCCTTCCGCT-3' (BBTV DNA-6 sequence 
complementary to nt 264-280 with BamHI restriction · site) and BT6V2: 5'-
CTGCAGCATGACGTCAGCAAGG-3' (BBTV DNA-6 sequence from nt 42-57 with Psti 
restriction site). The amplified product was cloned into PstJJBamHI digested pUC19 as a 
Psti/BamHI fragment. This construct was designated pUC-BT6.3. The npt II-CaMV 35S 3' 
UTR cassette was excised from pDHKan with Kpni and inserted into the Kpni site located 
downstream of the BT6.3 promoter in pUC-BT6.3. This construct was designated pUC-
BT6.3-NPT. The BT6.3-npt II-CaMV 35S 3' UTR fragment was subsequently excised and 
inserted upstream of a CaMV 35S promoter-uidA-35S 3' UTR cassette (derived from 
pGUS2) in pBIN19. This construct was designated pBIN-BT6.3-NPT. 
The 1010 bp Ubi-1 first intron with the short upstream ex on flanking sequence ( 41 bp) was 
excised from pGEM-Ubi as a BgllJJSmai fragment and directionally cloned between the 
BT6.3 promoter and npt II gene into the BamHI/Smai sites in pUC-BT6.3-NPT. This 
construct was designated pBT6.3-Ubi-NPT. 
Plasmids pairs (i) pUGR73 with pDHKan and (ii) pUbi-GFP with pBT6.3-Ubi-NPT were 
used in co-transformation experiments. Plasmid DNA was prepared using a Qiagen Plasmid 
Maxi Kit according to manufacturer's instructions. 
Bombardment conditions 
Suspension cells were bombarded using a particle inflow gun (Finer et al. 1992). Gold 
particles (Bio-Rad) 1.0 f..tm in diameter were used as microprojectiles; 120 mg of gold was 
washed three times in ethanol and three times in sterile distilled water before suspension in 
1 mL of sterile 50% (v/v) glycerol. To prepare microprojectiles for bombardment, 25 f!L of 
gold particle suspension was sonicated for 30 s then mixed with a total of 2 J..LL of 1 f..tg f..LL-1 
plasmid DNA (equimolar concentration of plasmids for co-transformation), 25 f!L 2.5 M 
CaCh, and 5 f!L 0.1 M spermidine-free base. All solutions were kept on ice. The gold was 
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kept in suspension for 5 min by occasional vortexing, allowed to precipitate for 10 min on 
ice, and 22 J-LL of supernatant removed and discarded. The remaining suspension was 
vortexed immediately prior to using 5 J-LL aliquots of the mixture for each bombardment. 
Target tissue was placed 7.5 em from the point of particle discharge. Helium pressure was 
550 kPa and chamber vacuum was minus 85 kPa. For transient studies, transgene 
expression was assayed 48 hours post bombardment. 
Selection and regeneration of plants 
Kanamycin (100 mg r 1) or geneticin (15 mg r 1) were used as the selective agents and were 
present in all media after selection commenced. Cells were subcultured by transferring the 
supporting filter paper to fresh medium. Bombarded cells were moved to selection media 
(BH containing antibiotic and 7g r 1 agar) 10 days post-bombardment. After 3 months with 
monthly subcultures, plants were regenerated as described by Dhed'a et al. (1991) with 1 
month on regeneration step 1 medium, containing 7g r1 agar, and 1 month on regeneration 
step 2 medium, containing 7g r1 agar. When transgenic somatic embryos were moved to 
germination medium, regeneration step 3 medium containing 2g r1 Sigma Phytagel, they 
were removed from the filter paper and placed directly on the medium. Transgenic somatic 
embryos that had formed independently on different parts of the filter paper were kept 
separate and were regarded as being derived from different transformation events. After the 
formation of roots on regeneration step 4 medium, plants were transferred to the glasshouse. 
After a minimum of 4 months growth in the glasshouse, plants were assessed for reporter 
gene expression. Non-transgenic plants were also regenerated from cell suspensions and 
grown in the field for 14 months before being observed for abnormal phenotypes. 
Transgene assay and detection 
GFP expression was visualised using a Leica MZ12 stereo microscope fitted with a Leica 
GFP Plus fluorescence module. A green barrier filter (BGG22 Chroma Technology) was 
used to visualise GFP expression in plant tissue which contained chlorophyll. 
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13-Glucuronidase (GUS) activity was assayed histochemically and fluorometrically 
essentially as described by Jefferson (1987). Fluorescence was measured using a Perkin 
Elmer LS50B luminescence spectrophotometer. Values were calculated as GUS activity in 
transgenic plants less the background of non-transformed controls. 
The concentration of NPT II in protein extracts from bombarded embryogenic cells and 
transgenic leaf tissue was determined using an NPT II ELISA kit (5-prime~3-prime, Inc.). 
Protein was extracted and NPT II concentrations measured according to manufacturer's 
recommendations. Concentrations were calculated based on the levels present in transgenic 
plants less the background levels of non-transformed controls. 
Genomic DNA isolation, PCR and Southern blot analysis 
Genomic DNA was isolated from leaf tissue according to a modified CT AB protocol 
(Stewart and Via 1993). For PCR analysis, full length gfp and npt II genes were amplified 
by PCR using primers GFP1 (5'-ATG GTG AGC AAG GGC GAG GAG-3'), GFP2 (5'-
TTA CTT GTA CAG CTC GTC CAT-3'), NPT1 (5'-ATG ATT GAA CAA GAT GGA 
TTG C-3'), NPT2 (5'-TCA GAA GAA CTC GTC AAG AAG G-3') respectively. A 50 ~-tL 
PCR reaction mix contained the primers (0.4 j..tM final concentration of each), 0.5 U DNA 
polymerase (Boehringer Mannheim Expand™), 200 j..tM of each dNPT, 1 x reaction buffer 
(Boehringer Mannheim buffer system 3) and 1 j..tg of isolated DNA. PCR conditions were 
94°C/5 min followed by 35 cycles of 94°C/30 s, 55°C/30 s, 72°Cil min with 72°C/10 min 
final extension. For Southern hybridisation, 10 j..tg of each genomic DNA sample and 1 ng 
ofpBT6.3-Ubi-NPT positive control plasmid was digested with BamHI and electrophoresed 
through 1% agarose gels. DNA was transferred to a positively charged nylon membrane 
(Boehringer Mannheim) by the method of Southern (1975). A probe specific for npt II was 
prepared using a PCR DIG probe synthesis kit (Boehringer Mannheim) and primers NPT-1 
and NPT-2. Membranes were probed using a DIG luminescence detection kit (Boehringer 
Mannheim) as per the manufacturer's instructions. The hybridisation signal was detected by 
autoradiography. 
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Results 
Selection and regeneration of plants 
Preliminary experiments indicated that geneticin at 15 mg r 1 was the lowest antibiotic 
concentration which would prevent the regeneration of 'escapes'. At 7.5 mg r1 geneticin, 
some plants regenerated from non-bombarded cells. No plants regenerated from non-
bombarded cells on 15 mg 1"1 geneticin or 100 mg 1"1 kanamycin. Therefore, these 
concentrations of antibiotics were compared in further selection experiments using cells co-
transformed with pUbi-GFP and pBT6.3-Ubi-NPT. Putatively transformed embryos 
formed on both antibiotic levels (kanamycin at 100 mg r 1 or geneticin at 15 mg r 1), but the 
rate of embryo germination was higher on kanamycin. Using kanamycin, at least one 
transgenic plant was produced from every bombarded plate and the mean number of plants 
produced per bombardment was 4.8 (n=14) (Table 3.1). Using geneticin, many embryos did 
not gem1inate but instead continued to proliferate as embryo-like structures or callus. The 
mean number of plants produced per bombardment using geneticin was 0.73 (n=l5). 
Germinated transgenic embryos growing on media containing either kanamycin or geneticin 
produced roots and continued to grow actively (Figure 3.2). 
Table 3.1. Comparison of transformation frequencies of banana following kanamycin (100 
mg r 1) and geneticin (15 mg r 1 geneticin) selection. Embryogenic suspension cells were co-
transformed with EUbi-GFP and EBT6.3-Ubi-NPT. 
Selective Bombarded Plates Total No. of Mean No. of 
agent plates producing Plants produced plants produced 
plants per plate 
Expt. 1 geneticin 3 1 3 1 
kanamycin 3 3 12 4 
Expt. 2 geneticin 12 5 8 0.625 
kanamycin 11 11 55 5 
Pooled geneticin 15 4 11 0.73 
Results kanamycin 14 14 67 4.8 
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Figure 3.2. Transgenic banana plants rooting on 100 mg/L kanamycin. Scale bar= 10 mm 
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When GFP was used as the reporter gene, the process of transformation and plant 
regeneration was followed without destroying the tissue. Single fluorescing cells were 
observed for the first month after which fluorescing embryos started to form in clusters 
(Figure 3.3A). The non-transformed tissue consisted of a layer of cells which either failed to 
grow on kanamycin or underwent complete necrosis on geneticin. After bombardment, cells 
were kept on the same filter paper disk throughout the regeneration process until 
germination. Further, individual embryo clumps from the same filter paper were kept 
separate when transferred to germination medium. This spatial separation of embryo 
clumps allowed the production of several plants per bombardment which were derived from 
different transformation events. 
Molecular analysis of transgenic banana plants 
Sixty-three plants derived from cells co-bombarded with pUbi-GFP and pBT6.3-Ubi-NPT 
were assessed for the frequency of co-transformation using PCR. When examined for the 
presence of full length gjp, 49 plants tested positive giving a co-transformation frequency of 
77.8%. All plants which were gjp PCR negative tested positive for full length npt II 
indicating there were no escapes. Of the 49 plants containing the full-length gfp gene, 33 
(67.3%) had visible GFP expression. No PCR product was produced from non-transformed 
control plants when either gjp or npt II specific primers were used. 
Stable integration of the npt II gene into the banana genome was confirmed by Southern 
hybridisation (Figure 3.4). Plants derived from five different bombarded plates, with five to 
seven plants per plate, were analysed. All plants from three plates were shown to be derived 
from different transformation events by the presence of different banding patterns. Of the 
two remaining plates, each contained two plants with identical banding patterns indicating 
that they were probably derived from the same transformation event. 
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Figure 3.3. GFP expression in transgenic banana. GFP transformed embryos after three 
months on selection with genetic in (15 mg/L) (A). Embryos have developed on filter paper 
disc from transgenic cells whereas the surrounding cells have become necrotic. GFP 
expression in glasshouse grown transgenic banana plants (B) to (H).Fluorescence in gfp 
transformed (gfp) and non-transformed (nt) banana leaf tissue without (B) and with (C) a 
green barrier filter, and in transformed (D) and non-transformed (E) banana root tissue. 
GFP expression when under the control of the Ubi-1 promoter was most intense in the 
midrib (mr) and smaller veins (sv) ofbanana leaf(F). Roots were sectioned longitudinally 
(G) and transversely (H) and the pattern of expression observed. Fluorescence was most 
intense in the meristematic region (m) and vascular tissue (vt) of the primary (pr) and 
axillary ( ar) roots. Scale bar= 2.0 mm (A), 0.5 mm (B) (C), 8.0 mm (D) (E), 4.0 mm (F) (G), 
2.0mm(H). 
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Plate A 
5.5 kb ..... 
Figure 3.4. Detection of npt II gene in plants derived from two bombarded plates by 
Southern hybridisation analysis. Positive control plasmid (pBT6.3-Ubi-NPT ;Lane 1) and 
genomic DNA from non-transformed control plant (Lane 2) and transformed plants (Lanes 
3- 16) were digested with BamHI. Lanes 3- 9; plants from plate A are all derived from 
different transformation events as determined by the various banding patterns. Lanes 11 -
16; plate B contains two plants (Lane 10 and 14) with the same banding pattern and are 
probably derived from the same transformation event. 
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Transgene expression 
GFP expression was observed in leaf (Figure 3.3C) and root (Figure 3.3D) tissue of 
regenerated transgenic plants. The use of a green barrier filter enabled clearer observation 
of GFP expression in tissue containing chlorophyll (Figures 3.3B and 3.3C). In plants 
expressing GFP under the control of the Ubi- I promoter, green fluorescence was most 
intense in the vascular tissue of leaves (Figure 3.3F) and roots (Figure 3.3H). Root 
meristems also showed intense fluorescence (Figures 3.3G). 
The level of expression of both GUS and NPT IT driven by different promoters was 
compared in stably transformed plants (Table 3 .2). The level of GUS activity using the Ubi-
1 promoter (pUGR73) was found to be over five fold higher than the CaMV 35S promoter 
(p2K7). When the levels of NPT II expression driven by the intron enhanced BT6.3 
(pBT6.3-Ubi-NPT) and the CaMV 35S (p2K7) promoters were compared in transient 
assays, expression levels were similar. The intron enhanced BT6.3 promoter resulted in 
5.35 ± 0.72 ng NPT II mg"1 protein while the CaMV 35S promoter resulted in 6.21 ± 0.73 
ng NTP II mg -t protein (mean of three bombardments for each construct± standard error). 
In contrast, when the two promoters were compared in stably transformed plants the intron 
enhanced BT6.3 promoter resulted in much lower levels of NPT II than the CaMV 35S 
promoter while the non-intron enhanced BT6.3 promoter, which was not assessed 
transiently, resulted in the lowest expression (Table 3.2). Importantly, the lower level of 
NPT II expression did not affect the transformation efficiency even when the non-intron 
enhanced BT6.3 promoter was used (results not shown). 
The expression of reporter genes in transgenic banana plants was assessed for up to six 
months in the glasshouse (Table 3.3). Plants that were expressing reporter genes in vitro 
were acclimatised in the glasshouse and re-examined after four to six months growth. All 
plants with the Ubi-1 promoter driving uidA or gfp continued to express the reporter gene 
in leaf and root tissue when histochemically stained or viewed under a fluorescence 
microscope, respectively. One of 11 plants containing p2K7 (CaMV 35S promoter driving 
uidA) which had strong GUS expression in vitro had no visible expression while the other 
nine plants continued to express. 
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Table 3.2. ComJ2arison of Promoter Activity in Stably Transformed in vitro Banana J2lants. 
Promoter Transformation Construct! s Trans gene Expression Level 
Quantified 
Ubi-1 pUGR73/pDHKan uidA 294066 ± 159227 
CaMV35S p2K7 uidA 50953 ± 38100 
CaMV 35S p2K7 nptii 519.3 ± 185.2 
BT6.3 Ubi-1 intron pUbi-GFP/pBT6.3-Ubi-NPT nptii 38.8 ± 22.4 
BT6.3 pBIN-BT6.3-NPT nptii 7.4 ± 2.1 
Values are means± standard error. For each mean there were 5 plants sampled, each plant 
derived from a different transformation event. GUS activity is expressed as pmol MU mg-1 
of protein min-1. NPT II concentration is expressed as ng NPT II mg-1 total protein. 
Table 3.3. Stability of Reporter Gene Expression in Transgenic Banana 
Plants after 4 to 6 months growth in the glasshouse. 
Promoter 
Ubi-1 
Ubi-1 
CaMV 35S 
Trans gene 
uidA 
gfp 
uidA 
Glasshouse age 
(months) 
4 
6 
4 
Positive plants/ 
Total plants 
2/2 
6/6 
10/11 
Plants were classed as either positive or negative. Positive plants had either 
visible GUS expression when histochemically stained or visible GFP 
fluorescence when viewed under fluorescence stereomicroscope. 
Phenotype of embryogenic suspension-derived banana plants 
The phenotype of non-transgenic plants derived from embryogenic suspension cultures was 
assessed after 14 months growth in the field. Ofthe 129 plants assessed, two (1.6%) were 
somaclonal variants. The types of abnormal phenotypes observed were chlorosis, deformed 
laminar and a small number of fruit which were small and deformed. 
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Discussion 
Kanamycin was found to be the best antibiotic for selection as its use resulted in a higher 
embryo germination rate while still preventing escapes. A much lower number of 
transgenic plants were regenerated from bombarded cells selected on geneticin despite 
using the lowest concentration that would prevent the regeneration of 'escape' plants. Many 
putatively transgenic embryos formed under geneticin selection however this antibiotic 
appeared to inhibit germination. 
The transformation of 'Bluggoe' using microprojectile bombardment has previously been 
reported by Sagi et al. (1995a). They cultured bombarded embryogenic cells under 
hygromycin selection in liquid medium for 3 months followed by 2 months on solidified 
suspension culture mediun1. Plants were then regenerated through embryo formation, 
maturation and germination stages. The highest efficiency reported was an average of 3.5 
plants per bombardment but the level of independent transformation events was not 
reported. 
We have modified this procedure by eliminating the liquid selection step, hence reducing 
the initial selection phase from five to three months prior to regeneration, and by using the 
npt II selectable marker gene instead of hph (hygromycin resistance gene). Using this 
system, we obtained a transformation efficiency of 4.8 plants per bombardment, the large 
majority of which were independent transformants as determined by Southern genomic 
hybridisation. Evidence that some plants were derived from the same transformation event, 
despite spatial separation of embryo clumps, was probably the result of inadvertent 
movement of some embryos during culturing. 
The selection of transformed cells in liquid medium as described by Sagi et al. (1995) may 
result in multiplication and division of transformed cells into separate clumps. When plated 
on solid medium, cell clumps would be spatially separated even though they may have been 
derived from the same transformation event. Further, subculturing cells in liquid medium is 
very time consuming. In our modified procedure, subculturing is very efficient because the 
cells remain attached to a filter paper disc until the final embryo germination step. 
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The Ubi-1 promoter was found to drive high GUS expression in stably transformed banana 
with activity over five-fold higher than the CaMV 35S promoter and was comparable to 
that of the CaMV 35S promoter driving uidA in tobacco (Jefferson et al. 1987). Sagi et al. 
(1995b) observed a similar relationship in transient GUS assays in banana although a 
double CaMV 35S promoter construct was used. This confirmation of the relative activities 
ofUbi-1 and CaMV 35S in stably transformed plants is significant, as transient and stable 
activity does not always correlate. This was demonstrated in this study using the p2K7 
(CaMV 35S-npt II) and pBT6.3-Ubi-NPT constructs which directed similar npt II 
expression levels in transient assays but vastly different levels in stably transformed plants. 
Possible silencing (Finnegan and McElroy 1994) of reporter genes was observed using both 
the Ubi-l and CaMV 35S promoters. A substantial proportion (32.7%) of plants containing 
full-length gfjJ driven by the maize Ubi-1 promoter had no visible expression in vitro. This 
may have been due to corruption of the promoter sequence during plasmid integration or to 
gene silencing. Only one plant which had visible reporter gene expression in vitro did not 
continued to express in a glasshouse environment indicating that the CaMV 35S promoter 
and, in particular, the Ubi-1 promoter will be useful for driving transgene expression under 
'normal' growing conditions. 
The pattern of reporter gene expression driven by the Ubi-1 promoter was visualised using 
GFP. Unlike histochemical GUS assays, the use of GFP eliminates artifacts such as poor 
infiltration of the enzyme substrate or diffusion of the substrate derivative. The Ubi-1 
promoter is reported to be active in many tissues with strongest activity in meristematic and 
vascular tissue (Cornejo et al. 1993). In this study, banana plants stably transformed with 
the Ubi-1 promoter driving gfjJ displayed a similar pattern of expression with most 
fluorescence associated with root meristems and the vascular tissue of the roots and leaves. 
The BBTV DNA-6 intergenic region has already been demonstrated to have promoter 
activity and transgenic tobacco plants were regenerated using the BT6.3 promoter to drive 
the npt II selectable marker gene (Dugdale et al. 1998). In this present study, the intron 
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enhanced BT6.3 promoter provided high activity transiently but expression levels dropped 
markedly in stably transformed banana plants. BBTV is considered phloem-associated 
(Magee 1939) and the activity of the BBTV DNA-6 intergenic region has been 
demonstrated to be associated with roots, particularly root meristems, and leaf vascular 
tissue (Dugdale et al. 1998). The low level expression of NPT II driven by the BT6.3 
promoter in stably transformed banana may have been due to expression being restricted to 
the vascular tissue. The transformation efficiency was not reduced as a result of using the 
BT6.3 promoter and its low activity in stably transformed plants may be useful where high 
level expression of selectable marker genes in transgenic produce is not desirable. 
The low level of abnormal phenotypes (1.6%) in plants derived from embryogenic 
suspension cultures was unexpected as the length of time in vitro, especially in a callus 
phase, can influence the level of somaclonal variation (Karp and Bright 1985). This result 
indicates that the production of agronomically useful transgenic banana derived from 
embryogenic cells is a viable option however, only observations of gross phenotypic 
changes were made in this study. More extensive studies covering aspects such as growth 
rate, yield and disease resistance are required to determine whether more subtle changes are 
occurring. 
We have developed an efficient banana transformation system and demonstrated that 
several plants derived from different transformation events are generated per bombardment. 
Continued transgene expression under glasshouse growth conditions was observed for 
several months. Further, the level of somaclonal variation in suspension culture derived 
banana plants appeared to be low. This information provides further evidence that 
generation of improved banana cultivars by genetic transformation is feasible. Techniques 
developed in this study are currently being applied to other banana cultivars such as 
'Cavendish' for which an embryogenic regeneration system has already been developed 
(Cote et al. 1996). This will enable the transformation of commercially important cultivars 
with new genes conferring important traits such as fungal and virus resistance. 
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Summary 
Promoter regions associated with each of the six ssDNA components of banana bunchy top 
virus (BBTV) have been characterised. DNA segments incorporating the intergenic regions 
ofBBTV DNA-I to -6 were isolated and fused to the uidA reporter gene to assess promoter 
activity. In tobacco cell suspensions, the BBTV DNA-2 and -6 promoters generated levels 
of GUS expression two-fold greater and similar to the 800 bp CaMV 35S promoter, 
respectively. Deletion analysis of the BBTV DNA-6 promoter suggested all the necessary 
promoter elements required for strong expression were located within 23 9 nucleotides 
upstream of the translational start codon. In transgenic tobacco plants, the BBTV-derived 
promoters generally provided a weak, tissue-specific pattern of GUS expression restricted 
to phloem-associated cells. However, in callus derived from tobacco leaf tissue, GUS 
expression directed by the BBTV DNA-6 promoter was strong and, in some lines, 
comparable to the CaMV 35S promoter. Detectable promoter activity associated with the 
BBTV promoters in banana embryogenic cells was only observed using a sensitive gjp 
reporter encoding the green fluorescent protein (GFP). Promoters derived from BBTV 
DNA-4 and -5 generated the highest levels of transient activity, which were greater than 
that of the maize ubi-l promoter. In transgenic banana plants, the activity of the BBTV 
DNA-6 promoter was restricted to the phloem of leaves and roots, stomata and root 
meristems. 
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Introduction 
Banana bunchy top virus (BBTV) is a single-stranded DNA virus which infects members 
of the genus Musa. BBTV has small isometric virions of 18-20 nm, and is persistently 
transmitted by the aphid, Pentalonia nigronervosa (Harding et a/. 1991). Based on 
cytopathology and transmission characteristics, BBTV is considered phloem-limited 
(Magee 193 9). The BBTV genome consists of at least six components of circular ssDNA 
each about 1 kb in size (Harding et al. 1993, Burns et al. 1995). BBTV is most likely a 
member of an unclassified group of plant viruses that potentially includes subterranean 
clover stunt virus (SCSV) (Boevink et al. 1995), faba bean necrotic yellows virus (FBNYV) 
(Katul et al. 1997), milk vetch dwarfvirus (MDV) (Sano et al. 1993), and coconut foliar 
decay virus (CFDV) (Rohde et al. 1990). 
Each of the six DNA components associated with BBTV encodes at least one gene 
(Beetham 1997, Beetham et al. 1997). BBTV DNA component 1 (BBTV DNA-I) contains 
two transcribed ORFs in the virion sense. The major DNA-1 gene encodes a replication 
initiation protein (Rep) (Harding eta/. 1993, Hafner eta/. 1997b), while Wanitchakorn et 
al. (1997) demonstrated that BBTV DNA-3 encodes the viral coat protein. The functions 
of the genes encoded by BBTV DNA-1 internal ORF, -2, -4,-5 and -6 are unknown. 
The intergenic or non-coding regions of the BBTV DNA components have three regions 
of similarity with common putative function. The major common region (CR-M) 
incorporates a 66-92 nucleotide (nt) region (Burns et al. 1995) and is the binding site for 
an endogenous ssDNA primer which is capable of priming full-length complementary 
strand synthesis in vitro (Hafner et al. 1997a). The second region of similarity, the stem-
loop common region (CR-SL), incorporates a 69 nt region (Bruns eta/. 1995) and contains 
a stem-loop sequence similar to that found in the geminiviruses (Lazarowitz et al. 1992). 
Recently, in vitro translation studies with the BBTV DNA-I Rep gene have demonstrated 
that the BBTV Rep is involved in the specific nicking and joining of the loop region 
(Hafner et al. 1997b). Thus, the CR-M and CR-SL appear intrinsic sequences to the rolling 
circle mechanism by which BBTV is proposed to replicate. The third region common to all 
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BBTV DNA components is a potential TATA box, with consensus nonanucleotide 
sequence CTATa/ta/tAtlaA (Burns et al. 1995). This sequence is one of a number of 
transcription elements identified within the intergenic regions, suggesting a potential role 
in promoter function. 
Promoter activity associated with the intergenic regions of two other BBTV-like viruses, 
SCSV and CFDV, has also been characterised. In SCSV, promoter activity varies between 
the seven components and appears primarily vascular-associated (Surin et al. 1996). To 
date, one ssDNA component, potentially encoding a Rep, has been associated with CFDV 
(Rohde et al. 1990). A promoter region from this component has weak phloem-associated 
activity in tobacco, which reflects the tissue-limited accumulation of the virus within its 
natural monocot host (Rohde et al. 1995). 
In order to better understand the replication and control of gene function in BBTV, we have 
assessed the activity of potential promoter sequences derived from BBTV DNA-1 to -6. 
Using uidA and gfp reporter genes, we report that the BBTV promoters are functional in 
both a dicot, tobacco, and a monocot, banana, the natural host ofBBTV. 
Materials and Methods 
Isolation of BBTV -derived promoter sequences 
Molecular techniques were essentially as described by Sambrook et al. (1989). The 
generalised genome organisation ofBBTV DNA-1 to -6 is illustrated in Figure 4.la. BBTV 
genomic nucleic acid was purified from BBTV -infected banana plants essentially as 
described by Harding et al. (1991 ). BBTV -derived intergenic containing fragments were 
isolated by either PCR or restriction digestion of previously cloned BBTV sequences 
(Figure 4.1 b). PCR reactions contained 20 pmol of each primer, with 50 mM KCl, 1.5 rnM 
MgCh, 10 mM Tris-HCl pH 8.0, 200 ~M dNTPs, 0.2 U AmpliTaq polymerase (Perkin 
Elmer), and 1 ~L of a 1/1000 dilution(~ 0.1 ng) of nucleic acid extract. The reaction mix 
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Figure 4.1: Schematic representations of (a) general BBTV cssDNA genome organisation, 
(b) BBTV DNA-1 to -6 promoter fragments, and (c) cloning strategy. Promoter fragments 
incorporating the intergenic regions of BBTV DNA-1 to -6 were isolated by PCR or 
restriction digestion from cloned components, and inserted upstream of the uidA reporter 
gene in pBI101.3 for Agrobacterium-mediated transformation of tobacco. The BT-uidA-
nos cassettes from each construction were subsequently cloned into pGEM3zt for micro-
particle bombardment transient assays. 
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was subjected to an initial denaturation step of 94° C for 5 min, followed by 30 cycles of 
94° C for 1 min, 45° C for 30 s, 72° C for 1 min, and a final extension step of 72° C for 10 
min. Nucleotide sequences were confirmed using an Applied Biosystems 373A DNA 
sequencer. 
BBTV DNA-I: A 435 bp fragment ofBBTV DNA-1 was amplified by PCR using primers, 
BT1R1.17: 5'-GAACAAGTAATGACTTT-3' (BBTV DNA-1 sequence from nt 961-977) 
and BTIF4.30: 5'-GGAAGAAGCCTCTCATCTGCTTCAGAGAGC-3' (BBTV DNA-I 
sequence complementary to nt 256-285). The amplified product was subsequently digested 
with Taql and blunt ended. The resulting 225 bp intergenic fragment (promoter BTI.l) was 
cloned into Smal digested pBI101.3 vector (Clontech). This construction was designated 
pBIN-BTl.l. 
BBTV DNA-2: An 862 bp intergenic fragment ofBBTV DNA-2 was isolated by Xbal (nt 
362) and Accl (nt 566) digestion of a cloned full length PCR product. The Acci site was 
blunt ended using DNA polymerase I large (Klenow) fragment, and cloned into similarly 
prepared pGEM3zt vector (Promega). The intergenic sequence (promoter BT2.1) was 
subsequently removed as a Hindiii!BamHI fragment and cloned into Hindiii!BamHI 
digested pBI101.3. This construction was designated pBIN-BT2.1. The BT2.1 promoter 
fragment was designed to include the consensus T ATA box described by Burns et a!. 
(1995). Since that study, RNA transcripts were mapped to an ORF in DNA-2 and the 
consensus TATA box identified by Burns et al. (1995) was within this ORF (Beetham 
1997). Further analysis identified an alternative appropriately located TAT A-like box that 
is most likely associated with this ORF. Thus, the BT2.1 promoter contains a223 bp region 
of this ORF at its 3' end. The translational start of this ORF, however, is not in frame with 
the uidA translational start. 
BBTV DNA-3: A 526 bp intergenic fragment ofBBTV DNA-3 was amplified by PCR using 
primers, BT3V: 5'-GCCTGCAGACTATTGTATGGAATG-3' (BBTV DNA-3 sequence 
from nt 760-775 with Psti restriction site) and BT3C: 5'-GCGGATCCCTATCTAGACA 
CTGG-3' (BBTV DNA-3 sequence complementary to nt 198-212 with BamHI restriction 
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site). The resulting fragment was cloned as a Pstll BamHI fragment into similarly digested 
pGEM3zt vector. Subsequently, the intergenic sequence (promoter BT3.1) was inserted 
into Hindiii!BamHI digested pBI101.3 as a Hindiii!BamHI fragment. This construction 
was designated pBIN-BT3.1. 
BBTV DNA-4: A 659 bp intergenic fragment ofBBTV DNA-4 was amplified by PCR using 
primers, BT4V: 5'-GCTCTAGAATGGGTATTGATGTA-3' (BBTV DNA-4 sequence from 
nt 662-676 with.xbal restriction site) and BT4C: 5'-GCGGATCCTTAGC TGCGTCCTA 
TTT -3' (BBTV DNA-4 sequence complementary to nt 262-278 with BamHI restriction 
site). The resulting fragment (promoter BT4.1) was cloned as an.xbai!BamHI fragment into 
a similarly digested pBI101.3 vector. This construction was designated pBIN-BT4.1. 
BBTV DNA-5: A 613 bp fragment ofBBTV DNA-5 was amplified by PCR using primers, 
BT129V3.17: 5'-GTTATCATGGCATCGAC-3' (BBTV DNA-5 sequence from nt 639-655) 
and BT5C: 5'-GCGGATCCGACGAGTGATTTCGG-3' (BBTV DNA-5 sequence 
complementary to nt 216-233 with BamHI restriction site). The amplified product was 
digested with A eel (nt 795), blunt ended and the resulting 456 bp sequence was digested 
with BamHI and cloned into a similarly prepared pGEM3zt vector. The intergenic 
fragment (promoter BT5.1) was then cloned as a Hindiii!BamHI fragment into 
Hindiii!BamHI digested pBI101.3. This construction was designated pBIN-BT5.1. 
BBTV DNA-6: A 623 bp fragment ofBBTV DNA-6 was amplified by PCR using primers, 
BT6Vl, 5'-CTGCAGAGTTGTGCTGTAATGTT-3' (BBTV DNA-6 sequence from nt 747-
763 withPstl restriction site) and primer BT6Cl, 5'-GGATCCGCTTCGTCCTTCCGCT-3' 
(BBTV DNA-6 sequence complementary to nt 264-280 with BamHI restriction site). The 
amplified product was cloned into Psti!BamHI digested pUC19 as a Psti!BamHI fragment. 
Subsequently, the intergenic sequence (promoter BT6.1) was cloned as aHindiii!BamHI 
fragment into Hindiii!BamHI digested pBI101.3. This construction was designated pBIN-
BT6.1. 
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For micro-particle bombardment studies, the BT-uidA-nos cassette from each construction 
was cloned as a Hindiii!EcoRI fragment into Hindiii!EcoRI digested pGEM-3zf* (except 
the BT4.1-uidA-nos cassette which was cloned as an Xbai!EcoRI fragment). These 
constructions were designated pBT1.1-GN to pBT6.1-GN. A generalised cloning scheme 
is depicted in Figure 4.1c. The CaMV 35S-uidA-nos cassette from pBI121 (Clontech) was 
similarly cloned as a positive control for NT -1 transient assays. This plasmid was 
designated p35S-GN. For promoter comparisons in banana embryogenic cells using the 
uidA reporter gene, the vectors pUGR73 and pGUS-2 were used. Plasmid pUGR73 consists 
of the maize ubil promoter and intron (Christensen and Quail1996) located upstream of 
a uidA reporter gene and tobacco 3' rbcS untranslated region in pBluescript II. The plasmid 
pGUS-2 contains a 530 bp CaMV 35S promoter upstream of a uidA-CaMV 35S 3' UTR 
cassette in pUC18. 
BBTV DNA-6 intergenic deletions: The first 5' deletion of BT6.1 was generated using a 
uniqueAcci restriction site (nt 1019). Clone pUC-BT6.1 was digested withAcci, which was 
present in both the pUC19 multiple cloning site and BT6.1, and subsequently blunted using 
DNA polymerase I large (Klenow) fragment. The resulting digestion was re-ligated to 
produce BT6.2. Promoter BT6.3 was isolated by PCR amplification using primer BT6Cl 
and primer BT6V2, 5'- CTGCAGCATGACGTCAGCAAGG-3' (BBTV DNA-6 sequence 
from nt 42-57 with Pstl restriction site). BT6.3 was amplified and cloned as previously 
described for promoter BT6.1. The final 5' deletion was generated using a Haelll restriction 
site (nt 98). Clone pUC-BT6.1 was digested with Haeiii and BamHI. The resulting 
fragment was cloned into Hincii!BamHI digested pUC19. A 3' deletion ofBT6.1, was 
produced by PCR amplification using oligonucleotides: primer BT6Vl and primer BT6C2, 
5'-GGATCCTGGACCGGGCTT-3' (BBTV DNA-6 sequence complementary to nt 119-134 
with BamHI restriction site). BT6.5 was amplified and cloned as previously described for 
BT6.1. All BBTV DNA-6 intergenic fragments were cloned as Hindiii!BamHI fragments 
upstream of the uidA reporter gene and nos 3' UTR in pGEM3zf*. These plasmid constructs 
were designated pBT6.2-GN to pBT6.5-GN, respectively. The BT6 deletions are 
schematically represented in Figure 4.2a. 
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Figure 4.2: BBTV DNA-6 intergenic deletions and their transient activity in NT-1 cells. 
Deletions of the BBTV DNA-6 promoter (BT6.1) were generated using PCR or unique 
restriction sites (A). Promoter fragments BT6.2 to BT6.5 were cloned upstream ofthe uidA 
reporter gene. Common regions and DNA sequences with homology to documented cis-
elements are marked. Promoter constructions were introduced into NT-1 cells via micro-
particle bombardment and transient GUS expression determined by fluorometric assays 
three days post bombardment (B). GUS activity is illustrated as pmol 4-MU/min/mg 
protein. Bars represent mean activities± standard error for 12 independent bombardments. 
Controls include an untransformed background activity and the CaMV 35S-uidAfusion. 
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GFP reporter constructions 
The vector, pblue-sGFP-TYG-nos (SK), contains a codon altered gjp reporter gene 
encoding the green fluorescent protein (GFP) (Chiu et al. 1996) cloned upstream of a nos 
3' UTR in pBluescript. The gjp-nos cassette from pblue-SGFP-TYG-nos was initially 
subcloned as a BamHl/Kpni fragment into BamHJJKpni digested pGEM3zt". This vector 
was designated pGEM-GFP. The gfp-nos cassette was subsequently excised from pGEM-
GFP as a BamHJJSaci fragment and inserted into the BamHl/Saci restriction sites of 
pBT1.1-GN to pBT6.1-GN to replace the original uidA reporter gene. These constructions 
were designated pBT1.1-GFP to pBT6.1-GFP. A CaMV 35S-gfp fusion was similarly 
generated by excision of the gfp-nos cassette from pGEM-GFP as a BamHJJSaci fragment 
and insertion into the BamHJJSaci restriction sites of pGUS-2, to replace the original uidA-
35S 3' UTR cassette. This construction was designated p35S-GFP. A maize ubi-1-gfp 
fusion was generated by insertion of the maize ubi-1 promoter and intron into the 
Hindiii/BamHI restriction sites located upstream of the gfp gene in pGEM-GFP. This 
construction was designated pUbi-GFP. 
Agrobacterium-mediated transformation 
Constructs pBIN-BT1.1 to pBIN-BT6.1 were used for Agrobacterium-mediated 
transformation oftobacco. The plasmid pBI121 was included as a positive control. All BT 
promoter fusions and the positive control were introduced into Agrobacterium tumefaciens 
strain LBA4404 by electroporation (Singh et al. 1993). Agrobacterium was then used to 
infect Nicotiana tabacum cv. Xanthi leaf discs essentially as described by Horsch et al. 
(1988). Leaves from plants transformed with the BT6.1-uidA fusions (1 month old) were 
transferred to basic MS media containing 1 mg/L BAP and 0.1 mg!L NAA to induce callus 
formation. 
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Preparation of tissues for bombardment 
Tobacco cells: Ten days prior to bombardment a Nicotiana tabacum cell line (NT -1) was 
subcultured at high density in NT media as described by An (1985). Three days prior to 
bombardment, the NT -1 cells were harvested by low speed centrifugation (BOX g). 
Aliquots of 400 ).LL of NT cell suspension, containing a packed cells I liquid NT medium 
ratio of 1:1 v/v, were dispersed onto NT media solidified with 0.7% agar (Sigma) and air 
dried for 2-3 h. 
Banana cells: Embryogenic suspension cultures of banana cv. 'Bluggoe' (Musa spp. ABB 
group) were initiated and maintained essentially as described by Dhed' a et al. (1991 ). Cells 
were subcultured fortnightly in maintenance medium containing 7.5 ).LM 2, 4-D and 1 ).LM 
zeatin (BH media). Suspension cells were collected five days after subculture and passed 
through a 450 ).Lm filter. The filtrate was then centrifuged for 10 min (130X g) and 
sufficient supernatant was removed to leave a packed cell volume/liquid medium ratio of 
1:5. Cells were resuspended and dispensed in 200 ).LL aliquots onto filter paper discs 
(Whatman # 1) to form a thin layer of evenly dispersed cells. Discs were placed in 90 mm 
Petri dishes containing BH media solidified with 0.7% agar. Cells were bombarded 5 days 
after plating. I 
Micro-particle bombardment 
All plasmids used for micro-particle bombardment were purified using QIAGEN Maxi 
Plasmid Purification columns (QIAGEN Inc.) according to manufacturer's specifications. 
Tissue was bombarded using a particle inflow gun. Preparation of 1. 0 ).LID microcarrier gold 
particles (BioRad) and coating of plasmid DNA were essentially as described by Mahon 
et al. (1996), except that 2 ).Lg of plasmid DNA was used to coat gold particles and 5 ).LL of 
the DNA-gold suspension was used for each bombardment. Target tissues were placed on 
a platfonn 7.5 em from point of particle discharge and covered with a protective baffle of 
210 ).LID stainless steel mesh during bombardment. Tissue was bombarded in a chamber 
evacuated to 600 mm Hg and particles delivered with a helium pressure of 550 kPa. 
Transient reporter gene expression was assessed three days post bombardment. 
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Transformation and regeneration of banana 
Banana cv. 'Bluggoe' was transformed and regenerated using a modified method of Sagi 
et al. (1995). Test plasmids used for stable transformation of banana included pBT6.1-GN 
and pBT6.1-GFP, while control plasmids included pBIN-35S-GN/BT6.3-NPT and p35S-
GFP/BT6.3-NPT. Plasmids pBT6.1-GN and pBT6.1-GFP were co-transformed with an 
equal amount (1 J.Lg) of pDHKAN for selection of transformants with geneticin (10 
mg/mL). The plasmid pDHKAN consists of a CaMV 35S 5' UTR-nptiJ-CaMV 35S 3' UTR 
cassette in pUC18. 
Reporter gene assays and detection 
GUS activity was assayed histochemically and fluorometrically essentially as described by 
Jefferson et al. (1987). Fluorescence was measured using a Perkin Elmer LS50B 
luminescence spectrophotometer. GFP expression was visualised using a Leica MZ12 
stereo microscope with GFP-Plus fluorescence module and green barrier filter (BGG22, 
Chroma Technology). The number of green fluorescent foci were counted within an 
eyepiece gradicule region, equivalent to 40 mm2 on the Petri dish. 
Analysis of transgenic plants 
PCR: Genomic DNA was isolated from leaves of 2-3 month old tissue culture plants 
essentially as described by Stewart and Via (1993). Full length uidA or g/jJ genes were 
amplified using the following primer pairs GUS1: 5'-ATG TTA CGT CCT GTA GA AAC 
C-'3', GUS2: 5'-TCA TTG TTT GCC TCC CTG CTG C-3'; GFP1: 5'-ATG GTG AGC 
AAG GGC GAG GAG-3', GFP2: 5'-TTA CTT GTA CAG CTC GTC CAT-3', respectively. 
The PCR reaction contained 20 pmol of each primer, 200 J.LM dNTPs, 0.1-1 Jlg genomic 
DNA, and 0.5 U Expand™ polymerase with manufacturer's buffer system 3. The reaction 
mix was subjected to an initial denaturation step of95° C for 5 min, followed by 35 cycles 
of 95° C for 30 s, 55° C for 30 s, and 72° C for 1.5 min, and a final extension step of 72° C 
for 10 min. 
100 
Southern Hybridisation: Transgenic plants confirmed to contain the uidA or gfp genes by 
PCR were further analysed by genomic Southern hybridisation. Total genomic DNA was 
isolated from leaf material of 2-3 month old tissue culture plants essentially as described 
by Stewart and Via (1993). Genomic DNA (1 0 J.Lg) was digested with BamHl, 
electrophoresed in a 1 % agarose gel and transferred to Zetaprobe GT blotting membrane 
(BioRad). RNA transcript probes were generated essentially as described by Hafner et al. 
(1995) using an Ambion MAXIscript SP6/T7 kit (Ambion Inc.). Probes specific for nptll 
were transcribed from linearised pGEM3zf" vector containing the nptll gene with T7 
polymerase, and hybridised at 55°C. Hybridisation signal was detected with X-OMAT AR 
scientific imaging film (Kodak) and scanned using a Hewlett Packard Scanjet II CX. The 
image was manipulated in Corel PHOTO-PAINT™ V 7.0 (Corel Corporation). 
Results 
Transient activity of the BBTV-derived promoters in tobacco cell suspensions 
The BT-uidA fusions were tested for transient activity in tobacco NT-1 cells via micro-
particle bombardment. GUS activities in NT -1 cells from three independent experiments, 
in which there were four replicates for each promoter, were measured using the plasmid 
p35S-GN as a positive control (Figure 4.3). Of the six BBTV promoters, BT2.1 provided 
the highest level of transient GUS activity, about 2- to 3-fold higher than the 800 bp CaMV 
35S promoter. The BT6.1 promoter consistently provided expression levels similar to that 
ofthe CaMV 35S promoter, while promoters BT3.1, BT4.1 and BT5.1 showed similar 
levels of GUS expression about 2-fold lower than that of the CaMV 35S promoter. GUS 
activity from promoter BT1.1 was not significantly different from background levels with 
between 1-10 blue foci observed by histochemical assays. 
When deletions were made to BT6.1 and the transient promoter activity in NT-1 cells 
examined, the BT6.2 promoter provided about a 2-fo1d higher level of GUS expression than 
the BT6.1 and CaMV 35S promoters (Figure 4.2b). A further deletion of 112 bp, including 
the majority of the CR-SL (promoter BT6.3), produced no significant change in GUS 
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Figure 4.3: Transient activity of BBTV-derived promoters in NT-1 cells. Promoter 
constructions were introduced into NT-1 cells via micro-particle bombardment and 
transient GUS expression determined by fluorometric assays three days post 
bombardment. GUS activity is illustrated as pmol MU/min/mg protein. Bars represent 
mean activities± standard error for 12 independent transformations. Controls include an 
untransformed background activity and the CaMV 3 5 S-uidA fusion. 
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activity from BT6.2. GUS activity associated with the BT6.4 promoter was significantly 
lower than the BT6.3 promoter (about two-fold), but not significantly different from that 
observed with the BT6.1 promoter. A 3' deletion of 147 bp including the TATA box 
resulted in GUS activity equivalent to that detected of background. 
Activity of the BBTV-derived promoters in tobacco plants 
Tobacco was transformed with the plasmids pBIN-BTl.l to pBIN-BT6.1 by 
Agrobacterium-mediated transformation using the plasmid pBI121 as a positive control. 
Seven to fourteen independently transformed lines were obtained for each promoter fusion. 
Integration of the uidA gene in these plants was confinned by Southern hybridisation using 
Hindiii digested genomic DNA, and each line was found to contain between one and six 
copies of the uidA gene (data not shown). When assayed histochemically, the majority of 
transformants had very weak GUS activity limited to vascular-associated cells of the 
leaves, stems and roots. In contrast, the CaMV 35S promoter directed strong constitutive 
GUS expression in all tissue types tested. Of the BBTV-derived promoters, BT6.1 appeared 
to give the highest level of GUS expression in phloem-associated cells (Figure 4.4a). 
However, the low levels of GUS expression associated with these plants suggested a 
significant difference in promoter activity between stable and transient transformation 
studies. Furthermore, there was a significant reduction in GUS expression in these 
transformants following extended tissue culturing with no visible GUS expression observed 
in leaf and root sections of the majority of plants tested after one year. 
Leaves were taken from tobacco plants transformed with pBIN-BT6.1, including plants 
without visible GUS expression, and transferred to callus induction media. Upon de-
differentiation, callus was excised and GUS activity assayed histochemically. Visible GUS 
expression was evident in all callus tested, although the level of expression varied between 
independent lines. In some cases, intensity of GUS expression in the induced callus was 
visibly comparable to that of callus derived from plants transformed with the CaMV 35S-
uidA fusion (Figure 4.4b ). The increase in GUS activity between leaf and callus ranged 
from 2- to 100-fold using fluorometric GUS assays (data not shown). 
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Figure 4.4: Promoter activity associated with the BBTV DNA-6 intergenic region in 
transgenic tobacco and banana plants. Nicotiana tabacum plants transformed with the 
BT6.1-uidA fusion were generated viaAgrobacterium-mediated infection. Leaves of three 
month old tissue culture plantlets were subjected to GUS histochemical assays (panel a). 
Callus was induced from leaves of each BT6.1-uidA tobacco transformant. Panel (b) shows 
a comparison of GUS expression in callus versus leaf from a non-expressing transformant, 
as detected by GUS histochemical assays. Banana embryogenic cells were bombarded with 
the BT6.1-GFP fusion for stable transformation. Panel (c) shows GFP expression in a 
germinating transformed banana embryo, five months post bombardment. In transgenic 
banana plants GFP expression was detected in the phloem of the roots and root meristems 
(panel d), and with the addition of a green barrier filter, in the phloem ofthe leaves (panel e). 
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Transient activity of the BBTV-derived promoters in banana cells 
The BT -uidA fusions (pBTl.l-GN to pBT6.1-GN) were tested for transient activity in 
banana embryogenic cells by micro-particle bombardment (Figure 4.5a). For promoter 
comparisons, the plasmids pUGR73 (maize ubi-1 promoter and intron) and pGUS-2 (530 
bp CaMV 35S promoter) were included as controls. Using fluorometric assays, the BBTV-
derived promoters provided low levels of GUS activity, about 2- to 3-fold greater than the 
non-bombarded negative control, in two independent experiments, consisting of five 
replicates for each promoter. Using histochemical assays, between 1-20 blue foci were 
observed for each BBTV promoter construction. Of the other promoters tested, the ubi-1 
promoter and intron had the greatest activity, which was about 100-fold greater than the BT 
promoters. The CaMV 35S promoter was about 4-fold less active than the ubi-1 promoter 
and intron. 
Transient activity of the BBTV promoters was also examined using the gfp reporter. In two 
independent experiments, each comprising five replicates for each promoter construction, 
all BBTV -derived promoters generated detectable levels of GFP expression (Figure 4.5b ). 
The CaMV 35S promoter was consistently the strongest of the promoters tested based on 
the intensity and number of green fluorescent foci. In comparison, BT4.1 and BT5.1 
promoters were about 0.75-fold as active as the CaMV 35S promoter, while the maize ubi-
1, BT6.1 and BT3 .1 were about 2-fold less active. Promoters BT1.1 and BT2.1 were about 
5-fold and 8-fold less active than the CaMV 35S promoter, respectively. 
BBTV DNA-6 promoter activity in transgenic banana plants 
Between 7-23 independently transformed banana plants were regenerated for each of the 
test plasmids, pBT6.1-GN and pBT6.1-GFP, and control plasmids, pBIN-35S-GN/BT6.3-
NPT and p35S-GFP/BT6.3-NPT. The presence of the uidA or gfp genes in each plant was 
confirmed by PCR. Four plants representing each promoter construction were further 
analysed by Southern hybridisation of BamHI digested genomic DNA (Figure 4.6), and 
between 1-12 copies of the nptii gene were detected in each plant. Leaf and root sections 
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Figure 4.5: Transient activity of BBTV-derived promoters in banana embryogenic cells. 
BBTV promoters fused to the (a) uidA and (b) gfp reporter genes were transiently 
introduced into banana embryogenic cells via micro-particle bombardment. Reporter gene 
expression was assessed three days post bombardment. GUS activity is illustrated as pmol 
MU/min/mg protein. GFP expression is measured as the number of green fluorescent foci 
within a 40 mm2 area of cells. Bars represent mean activities for ten independent 
bombardments. Standard error did not exceed 10% ofindependent means. 
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pBT6.1-GN 
4kb ~ 
pBIN-35S-GN/ 
BT6.3-NPT pBT6.1-GFP 
p35S-GFP/ 
BT6.3-NPT 
Figure 4.6. Southern hybridisation of transgenic banana plants. Genomic DNA was 
isolated from four independent banana plants transformed with test constructs pBT6.1-GN 
and pBT6.1-GFP, and with control plasmids pBIN-35S-GN/BT6.3-NPT. Genomic DNA, 
digested with Bam HI, was immobilised on a nylon membrane and hybridised with radio-
labelled RNA probes specific for the npt II gene. Controls include P =linear plasmid DNA 
(about 1 ngofpGEM-NPT)and, U=untransformedbananagenomicDNA. 
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from plants transformed with pBT6.1-GN did not show any visible GUS activity, as 
determined by histochemical assays. In contrast, leaf and root sections from plants 
transformed with the plasmid pBIN-35S-GN/BT6.3-NPT showed strong constitutive GUS 
expression. Varying levels ofGFP expression were observed in banana tissue transformed 
with the plasmid pBT6.1-GFP. The level of expression was consistently lower than the 
CaMV 35S promoter (plasmid p35S-GFP/BT6.3-NPT), but, unlike GUS activity, was 
easily observed in both embryos and plant structures. The strongest GFP expression was 
observed in embryos and roots, particularly root meristems (Figures 4.4c and 4.4d). Using 
a green barrier filter, GFP expression was also visible in leaf phloem (Figure 4.4e) and 
stomata. No endogenous green fluorescence was observed in plants transformed with the 
selection plasmid, pDHKAN, alone. 
Discussion 
We have demonstrated using transient assays that (i) the intergenic regions ofBBTV DNA-
1 to -6 have promoter activity in both tobacco and banana cells, (ii) the activities of 
different intergenic regions vary considerably, and (iii) the relative activities of the different 
intergenic regions vary between tobacco and banana. In regenerated transgenic tobacco 
plants, expression from the BBTV -derived promoters was essentially limited to vascular 
tissue which supports previous observations that BBTV is a phloem-associated virus. 
However, when callus was re-initiated from transformed tobacco leaf tissue, the expression 
of GUS driven by promoter BT6.1 was significantly enhanced. Interestingly, early studies 
by Magee (1939) reported disorganisation of the phloem elements and surrounding 
parenchyma cells in banana at the point of initial BBTV infection, with subsequent 
hypertrophy and rapid cell division. The apparent high activities of the BT6.1 promoter in 
similar unspecialised, actively dividing cell types of tobacco suggests at least one of the 
BBTV promoters is capable of high level expression in these cell types. The relative 
promoter activities of the six intergenic regions in tobacco probably has little relevance to 
BBTV replication as tobacco is a non-host, although, it would seem that promoter activity 
is not the primary block to BBTV infecting tobacco. 
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The relative promoter activities from the different BBTV components in banana cell 
suspensions are, however, probably relevant to BBTV replication. Promoter activity 
associated with the BBTV intergenic regions in banana embryogenic cells was greatest 
using a sensitive codon modified gfjJ reporter gene, as opposed to the uidA reporter, 
suggesting the BBTV promoters are generally weak promoters in their host species. Using 
GFP, highest expression was directed by the BBTV DNA-4 and -5 promoters, which were 
about 0.75-fold as active as the CaMV 35S promoter. The functions ofthe genes encoded 
by these two components have not been definitively determined. However, the major 
translational product of BBTV DNA-4 contains a ~-sheet of 30 hydrophobic residues 
toward theN terminus (Burns et al. 1995) which is similar to a trans-membrane domain 
identified in the V1 proteins ofthe cereal-infecting geminiviruses (Boulton et al. 1993), 
suggesting this protein may be involved with cell-to-cell movement. BBTV DNA-5 is the 
most efficiently primed of all six BBTV components (Hafner et al. 1997a). Further, the 
predicted gene product encoded by this component contains an LXCXE motif (R. 
Wanitchakorn, G.J. Hafner, R.M. Harding and J.L. Dale, unpub. results) that is associated 
with retinoblastoma (Rb) binding-like proteins of animal DNA tumor viruses (Picksley and 
Lane 1994). A functional Rb-binding motifhas been identified in the RepA early gene 
product of members of the subgroup I geminiviruses (Xie et al. 1995, Collin et al. 1996, 
Ach et al. 1997) and evidence exists for a novel plant encoded Rb-like family of regulatory 
proteins (Grafi et al. 1996, Xie et al. 1996, Ach et al. 1997). Based on these findings, we 
hypothesise that following BBTV infection, the BBTV DNA-5 gene product is the first 
translated and interacts with putative host-encoded retinoblastoma-like proteins to 
manipulate the cell cycle of primary infected cells from G(l) to S phase, potentially creating 
a cellular environment permissive for viral DNA replication and transcription. The strong 
activities associated with the BBTV DNA-4 and -5 promoters suggested these gene 
products are most likely intrinsic to the viral infection process. In contrast, low levels of 
promoter activity were observed with the BBTV DNA-1 intergenic region. This suggested 
that the Rep protein, although required at all stages of DNA replication, is expressed at 
relatively low levels as would be expected for a regulatory protein. 
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In transgenic banana plants, the BT6.1 promoter displayed a tissue-specific pattern of 
expression limited to the phloem of leaves and roots, stomata and root meristems. This 
·pattern of expression was analogous to that observed in transgenic tobacco, and may reflect 
the tissue-limited expression of the BBTV DNA-6 gene product within its natural host. 
However, it is likely that BBTV gene expression and replication is a complex mechanism. 
Studies with related ssDNA geminiviruses have revealed promoter activity is influenced 
via the interaction of viral-encoded gene products (Haley et al. 1992, Sunter and Bisaro 
1992, Zhan et al. 1993) and gene expression in certain cell types may be dependent on 
complex transcriptional transactivation mechanisms (Sunter and Bisaro 1997). Therefore, 
the expression patterns associated with each BBTV promoter alone may differ from the 
expression patterns from each promoter in a natural infection. 
Apart from their involvement in the regulation of BBTV gene expression, the inter genic 
regions of BBTV may also have applications for heterologous transgene expression. 
Therefore, we investigated which of the cis-elements identified in the BBTV DNA-6 
intergenic region were involved in promoter regulation in tobacco. Removal of a 272 bp 
region from the 5' end of the BT6.1 promoter increased promoter activity by about two-fold. 
The significantly lower activity of the BT6.1 promoter in comparison to BT6.2 may have 
been due to inhibitory effects of conserved termination signals present at the 5' end of the 
promoter (Beetham 1997), or this region may potentially harbour a down-regulatory 
element. A significant reduction in promoter activity was observed between promoter 
BT6.3 and BT6.4, although this level of activity was comparable to the full BT6.1 
promoter. Relatively strong expression associated with the minimal BT6.4 promoter 
suggested the sequences with homology to the G-box and I-box cis-elements may be 
involved in promoter activity. The G-box core has been shown to interact with several plant 
transcription factors (reviewed in Katagiri and Chua 1992), and is responsive to plant 
hormones such as abscisic acid, jasmonate, and ethylene. The location of the I-box 
consensus (GATAAG) with respect to the G-box, and in relation to the downstream TATA 
box, implies these motifs may be functionally equivalent to those identified in the rbcS 
gene promoters (Donald and Cashmore 1990). The absence of promoter activity associated 
with the BT6.5 promoter implied that the 14 7 bp region at the 3' end of the BT6.1 promoter 
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was essential for promoter activity. Importantly, this region contained the TATA box. 
Deletion analysis therefore indicated that the CR-M and CR-SL are not required for 
promoter activity, and all the transcription elements required for strong promoter activity 
from the BT6.1 promoter were located within 239 bp of the translation start codon. 
Furthermore, a 56 bp region, located 3' of the common stem loop structure, was responsible 
for the majority of this activity. This region contained a 10 bp sequence CATGACGTCA 
which has strong homology with the 3' end of the 20 bp consensus sequence incorporating 
the ocs-element of the Agrobacterium tumefaciens T-DNA promoters (Bouchez et al. 
1989). Internal to this sequence is a TGACG motif(ASF-1) which exists as a tandem repeat 
in the as-1 element of the CaMV 35S and related promoters (Lam et al. 1989, Sanger et al. 
1990, Verdaguer et al. 1996). The as-1 element is able to confer expression primarily in 
root tissues, but also interacts synergistically with other cis-elements (Lam et al. 1989) and 
has been shown to bind AS 1 tobacco nuclear factor (Fromm et al. 1989). The 56 bp region 
also contains a sequence, ACGTCA, that has similarity to the hexamer motif of plant 
histone promoters (Mikami et al. 1987). The presence of this motif in the genomes of 
several other ssDNA plant viruses has been suggested to reflect an evolutionary 
conservation oftranscription control mechanisms within this group (Morozov et al. 1994). 
The hexamer motif is most likely associated with strong promoter activity in 
undifferentiated, actively dividing cell types, as histone genes are expressed specifically in 
the S-phase ofthe cell cycle (Nakayama et al. 1992). 
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Summary 
Intron containing fragments derived from the 5' untranslated regions of the maize ubil, 
maize adhl, rice actl and sugarcane rbcS genes were tested for their enhancing effects on 
the BBTV DNA-6 promoter (BT6.1) in banana (Musa spp. cv. 'Bluggoe') embryogenic 
cells. The rice actl and maize ubil introns provided the highest levels of intron-mediated 
enhancement (IME) of GUS expression increasing native BT6.1 promoter activity by about 
300-fold and 100-fold, respectively. The sugarcane rbcS intron increased expression about 
10-fold whereas the adh 1 intron had no significant effect. In regenerated transgenic banana 
plants, the ubil intron significantly enhanced BT6.1 promoter activity to levels similar to 
that of the CaMV 35S promoter, but did not appear to affect the tissue specificity of the 
promoter. 
Key Words: banana bunchy top virus, promoter, intron-mediated enhancement, GUS. 
Abbreviations: BBTV: banana bunchy top virus, IME: intron-mediated enhancement, 
uidA: E. coli gene encoding GUS, GUS: p-glucuronidase, npt II: gene encoding neomycin 
phosphotransferase II 
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Introduction 
Banana bunchy top virus (BBTV) is an isometric virus with a circular ssDNA genome 
which infects members of the genus Mus a. BBTV is thought to be phloem-associated based 
on cytopathological and transmission characteristics (Magee, 1939). Six circular genomic 
components, BBTV DNA-1 to -6, each about 1 kb in size, have been characterised (Harding 
et al. 1993; Burns et al. 1995) and each component contains a major open reading frame 
(ORF), in the virion sense, which is transcribed during virus infection (Beetham et al. 1997, 
1999). 
Promoter activity associated with the BBTV DNA-1 to -6 intergenic regions has been 
characterised in transgenic tobacco and banana (Musa spp. cv. 'Bluggoe') embryogenic 
cells (Dugdale et al. 1998). In regenerated transgenic tobacco plantlets, the BBTV -derived 
promoters directed tissue-specific GUS expression in vascular-associated cells, with the 
greatest expression in undifferentiated, actively dividing cell types. 
Transient studies in banana embryogenic cells demonstrated only low levels of BBTV 
promoter-directed GUS expression. Significant promoter activity was only detected when 
the promoters were fused to a green fluorescent protein (GFP) reporter gene, modified for 
codon usage in plants (Chiu et al. 1996). In transgenic banana plants, the BBTV DNA-6 
promoter (BT6.1) was active primarily in vascular-associated tissues. This study suggested 
that the BBTV promoters are weakly active within their host species, and at least one ofthe 
promoters, BT6.1, directs tissue-specific expression. 
The ability of 5' untranslated leader sequences, particularly introns, to augment transgene 
expression in plant systems has been well documented (Keith and Chua, 1986; Callis et al. 
1987; Vasil et al. 1989). The mode ofintron-mediated enhancement (IME), however, is not 
well understood. The enhancing effects ofintrons appear to depend on the position (Callis 
et al. 1987; Mascarenhas et al. 1990; Snowden et al. 1996) and composition of the 
trans gene (Rethmeier et al. 1997), and the mechanism of IME has been suggested to be a 
nuclear event (Rethmeier et al. 1997). IME of a heterologous promoter has been 
120 
demonstrated in transient assays with a variety of intron-containing fragments 01 ain et al. 
1996) and recognition and efficiency of intron splicing appears to differ between monocot 
and dicot species (Koziel et al. 1996). For commonly utilised monocot-derived promoters, 
including maize alcohol dehydrogenase 1 (adh1) (Dennis et al. 1984; Callis et al. 1987), 
maize polyubiquitin 1 (ubi1) (Christensen et al. 1992; Christensen and Quail, 1996), maize 
shrunken 1 (Maas et al. 1991), and rice actin (McElroy et al. 1990), the first intron ofthe 
5' untranslated region (UTR) has been retained, suggesting their importance for strong 
promoter activity. 
In this study, we report the enhancing effects of four monocot-derived introns, maize ubil, 
maize adhl, sugarcane rbc8 and rice act1, on BT6.1 transient promoter activity in 
embryogenic cells ofbanana. Further, we report the enhancing effects of the ubil intron on 
stable expression of the BT6.1-uidA fusion in transgenic banana. 
Material and Methods 
All plasmids used for banana cell transient assays are diagrammatically represented in 
Table 5.1. 
Isolation and cloning of the BBTV DNA-6 promoter 
Isolation and cloning of the BBTV DNA-6 promoter has previously been described 
(Dugdale et al. 1998). In summary, a 623 bp BBTV DNA-6 promoter region was inserted 
upstream of the uidA reporter gene and nos 3' untranslated region (UTR) in the plasmid 
pGEM3zf+ (Promega). This construction was designated pBT6.1-GN. A CaMV 358 
promoter was used for comparisons in all transient assays. This plasmid comprised a 530 
bp CaMV 358 promoter upstream of the uidA reporter gene and CaMV358 3' UTR and, 
for convenience, was designated p358-GU8. 
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Table 5.1. Promoter constructions and their transient activity in bombarded banana 
embryogenic cells. All promoters were fused to the uidA reporter gene. GUS activity . is 
expressed as pmo14-MU /min/mg protein. GUS activity values are the mean ± the standard error. 
Promoter Construct 
BT6.1 
623bp 
CaMV35S 
530bp 
. TATA Ub/1 Promoter I (" ;xon Ubi1 lntron 
~p;:tt 
heat ~hock Bglll 
element T1JA 
~n
l.,__heatshock 
Ubi1 lntron element 
TATA.._ BamHI 
I ( Adh1 intron 
Adh1 Promoter 
BT6.1 
Adh1 intron 
Adh1 intron 
rbcSintron 
exon~ 
(signal peptide) rbcS 
lntron 
1 
exon 1 
Acl1 lntron 
_L __ ~BT~6~.1 ___ 1~11_._.~1_..~ 
I 
ex on 
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Designation GUS Activity 
Unshot Control 20.6 ± 0.7 
pBT6.1-GN 80.4 ± 6.7 
p35S-GUS 2319.3 ± 263.1 
pUGR73 6049.9 ± 440.5 
pUbi.pro-GR 60.8 ± 10.6 
pUbi.INT-GR 1142.5 ± 196.3 
pBT6.1-Ubi-GN 7026.7 ± 393.1 
pAdh-GN 38.6 ± 3.3 
pAdh.INT-GN 25.0 ± 1.1 
pBT6.1-Adh-GN 156.2 ± 26.0 
pRbc.INT-GN 29.2 ± 1.4 
pBT6.1-rbc-GN 526.8 ± 39.7 
pAct.INT-GN 943.7 ± 187.7 
pBT6.1-Act-GN 19627.2 ± 1180.9 
pBT6.1-dUbi-GN 8405.7 ± 728.1 
pBT6.1-Ubi-Adh-GN 547.9 ± 45.2 
pBT6.1-Adh-Ubi-GN 6259.8 ± 402.4 
Insertion of maize ubil intron 
The vector, pUGR73, contains the maize polyubiquitin 1 (ubil) promoter and intron 
(Christensen et al. 1992; Christensen and Quail, 1996) upstream ofthe uidA reporter gene 
and tobacco rbcS 3' UTR. For subsequent cloning, the ubil promoter and intron were 
subcloned as a Psti fragment into Psti digested pGEM3zf. This construction was 
designated pGEM-Ubi. The 1010 bp ubil intron with the short upstream exon flanking 
sequence ( 41 bp) was excised from pGEM-Ubi as a Bgill/Smai fragment and directionally 
cloned between the BT6.1 promoter and uidA gene into the BamHI!Smai sites in pBT6.1-
GN. This construction was designated pBT6.1-Ubi-GN. A control plasmid, pUbi.pro-GR, 
which consisted of the ubil promoter without intron and upstream exon flanking sequence, 
was generated by digestion of pUGR73 with Bglii!Ncoi. The subsequent digestion was 
blunt ended using DNA polymerase I large (Klenow) fragment andre-ligated. An intron-
containing, promoterless control was generated by removing a 944 bp region harbouring 
the ubi1 promoter. The promoter region was removed by Bglii!BamHI digestion of 
pUGR73. The subsequent digestion was re-ligated to generate the vector, pUbi.INT-GR. 
Insertion of maize adh 1 intron 
The maize adh1 promoter (206 bp) and first intron (557 bp) were excised from pEMU-
MCS (Last et al. 1991) as a Sali!Xbai fragment and inserted into the Sali/Xbai sites 
upstream of a uidA reporter gene and nos 3' UTR in pGEM-3zf (pGEM-GN) to generate 
pAdh-GN (Table 5.1). An intron control vector, pAdh.INT-GN, was generated by excision 
of a 557 bp BamHI!Smai fragment containing the adh1 intron from pEMU-MCS, and 
insertion into the BamHI!Smai sites present upstream of the uidA reporter gene in pGEM-
GN. The adh1 intron was similarly inserted between the BT6.1 promoter and uidA gene in 
the vector pBT6.1-GN. This plasmid was designated pBT6.1-Adh-GN. 
Insertion of sugarcane rbcS intron 
A 252 bp sequence incorporating the signal peptide and intron of sugarcane ribulose- I, 5-
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bisphosphate carboxylase/oxygenase (rbcS) small subunit gene (Tang and Sun, 1993) was 
amplified from sugarcane (Saccharum ojjicinarum) genomic DNA by PCR using primers 
rbcl: 5'-CCAGCCATGGCGCTCACCGTGATGG-3', and rbc2: 5'-
GGGCCACACCTGCATCGATGTACG-3'. The PCR reaction contained 20 pmol of each 
primer, 200 11M dNTPs, 10 ng genomic DNA and 0.5 U Expand™ polymerase (Boehringer 
Mannheim) with manufacturer's buffer system 3. The reaction mix was subjected to an 
initial denaturation step of94°C for 5 min, followed by 35 cycles of94°C for 15 s, 60°C 
for 15 s, 72° C for 1 min, and a final extension step of 72° C for 10 min. The amplified 
product was cloned into the Smai site of pBluescript SK (Stratagene ). This vector was 
designated pBS-rbcS.INT. An intron expression control vector was generated by excision 
of the rbcS intron and leader sequence from pBS-rbcS.INT as a Hindiii!Smai fragment and 
insertion into the Hindiii/Smai sites located upstream of the uidA gene and nos 3' UTR in 
pGEM-GN. This construction was designated pRbcS.INT-GN. The BT6-rbcS intron fusion 
was generated by initially removing the 623 bp BT6.1 promoter from pBT6.1-GN as a 
Hindiii/Smai fragment and insertion into the Hindiii!EcoRV sites located upstream of the 
rbcS intron in pBS-rbcS.INT. This vector was designated pBS6.1-rbcS. The BT6.1 
promoter and rbcS intron were subsequently excised from pBS6.1-rbcS as a HindiWSmai 
fragment and inserted into the Hindiii!Smai sites located upstream ofthe uidA reporter in 
pGEM-GN. This construction was designated pBT6.1-rbcS-GN. 
Insertion of rice actin intron 
The plasmid pDM803 contained the rice actin promoter and intron (McElroy et al. 1990) 
upstream of the uidA reporter and tobacco rbcS 3' UTR, in pBluescript II. The rice actin 
intron (313 bp ), including 28 bp of the 5' untranslated exon, and the uidA reporter gene 
were excised by digestion of pDM803 with Saci. The subsequent fragment was inserted 
into a Sacl restriction site located upsteam of the nos 3' UTR in pGEM3zf+. The 
subsequent construction was designated pAct.INT-GN. The BT6.1 promoter was excised 
from pBT6.1-GN as a Hindiii/Smai fragment and cloned into the Hindiii/Smai restriction 
sites located upstream of the rice actin intron in pAct.INT -GN. The subsequent construction 
was designated pBT6.1-Act-GN. 
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Generation of intron duplications and combinations 
The ubil intron and exon flanking sequence were excised from pGEM-Ubi as a BgliJJSmai 
fragment and inserted into the BamHI!Smai restriction sites downstream of the original ubil 
intron in pBT6.1-Ubi-GN. Thus, the resultant plasmid, pBT6.1-dUbi-GN, consisted of 
duplicated ubil introns positioned between the BT6.1 promoter and uidA reporter gene. 
The adhl intron and exon flanking sequence were excised from pEMU-MCS as a 
BamHJJSmai fragment and inserted into the BamHJJSmai restriction sites downstream of 
the ubil intron in the vector pBT6.1-Ubi-GN. The resultant plasmid, pBT6.1-Ubi-Adh-GN, 
therefore, consisted ofthe ubil and adhl introns, in tandem, positioned between the BT6.1 
promoter and uidA reporter gene. Finally, the ubil intron and upstream exon flanking 
sequence and uidA reporter gene were excised from pUbi.INT-GR as an XbaJJSaci 
fragment and inserted into XbaJJSaci digested pBT6.1-Adh-GN, to replace the original 
uidA gene, generating the plasmid pBT6.1-Adh-Ubi-GN which consisted of the adh 1 and 
ubil introns, in tandem, positioned between the BT6.1 promoter and uidA reporter gene. 
Preparation and micro-particle bombardment of banana cells 
Embryogenic suspension cultures of banana (Musa spp. cv. 'Bluggoe' ABB group) were 
initiated and maintained essentially as described by Dhed'a et al. (1991). Cells were 
subcultured every two weeks in maintenance medium containing 7.5 J..LM 2,4-D and 1 J..LM 
zeatin (BH media). Five days post subculture, cell suspensions were passed through a 450 
J..Lm filter and harvested by low speed centrifugation (130 g). Aliquots of 200 J..LL of a cell 
suspension, containing packed cells I liquid media ratio of 1:5 v/v, were placed onto 70 
mm filter paper discs (Whatman #1) to form a thin layer of evenly dispersed cells. Discs 
were stored on BH media solidified with 0.7% agar for 5 days prior to bombardment. Cells 
were bombarded using a particle inflow gun. All plasmid DNA was purified using 
QIAGEN Maxi Plasmid Purification columns (QIAGEN Inc.). Preparation of 1.0 J..Lm 
microcarrier gold particles (BioRad), and coating of plasmid DNA were essentially as 
described by Mahon et al. (1996), except that 2 )..lg of plasmid DNA was used to coat gold 
particles and 5 J..LL of the DNA-gold suspension was used for each bombardment. Transient 
125 
GUS expression, from ten independent bombardments for each promoter contruction, was 
assessed three days post bombardment by fluorometric assays. GUS activities were 
statistically compared by one way analysis of variance with a 95% confidence interval using 
Statgraphics (Statistical Graphics Version 4.0). 
Stable transformation of banana 
Banana (Musa spp. cv. 'Bluggoe') was transformed and regenerated using a modified 
method of Sagi et al. (1995). Plasmids used for transformation included pBT6.1-GN, 
pBT6.1-Adh-GN, pBT6.1-Ubi-GN, pUbi.INT-GR, and pBIN-BT6.3-NPT. The plasmid 
pBIN-35S-GUS consisted of a BT6.3-NPTII-35S 3' UTR I 35S 5' UTR-uidA-35S 3' UTR 
cassette in pBIN19. All plasmids used for stable transformation, except pBIN-35S-GUS, 
were co-transformed with an equal amount (1 J.Lg) of pDHKAN for selection of 
transformants with geneticin (1 0 mg/mL). The vector pDHKAN consisted of a 35S 5' UTR-
NPTII-35S 3' UTR cassette in pUC18. 
Histochemical and fluorometric analysis of GUS activity 
GUS activity was assayed histochemically and fluorometrically essentially as described by 
Jefferson et al. (1987). Fluorescence was measured using a Perkin Elmer LS50B 
luminescence spectrophotometer. 
PCR analysis oftransgenic plants 
Genomic DNA was isolated from leaves of2-3 month old in vitro plantlets essentially as 
described by Stewart and Via (1993). The full length uidA gene was amplified by PCR 
using primers GUS1: 5'-ATGTTACGTCCTGTAGAAACC-3', and GUS2: 5'-
TCATTGTTTGCCTCCCTGCTGC-3'. The PCR reaction contained 20 pmol of each 
primer, 200 J.LM dNTPs, 0.1-1 J.Lg genomic DNA, and 0.5 U Expand™ polymerase with 
manufacturer's buffer sytem 3. The reaction mix was subjected to an initial denaturation 
step of95° C for 5 min, followed by 35 cycles of95° C for 30 s, 55° C for 30 s, and 72° C 
for 1 min 30 s, and a final extension step of 72° C for 10 min. 
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Results and Discussion: 
Transient IME of the BT6.1 promoter in banana embryogenic cells 
The native BT6.1 promoter, pBT6.1-GN, directed low levels of GUS expression, about 
four-fold higher than the unshot control, following micro-projectile bombardment of 
banana embryogenic cell suspensions. Insertion of introns, both independently and in 
tandem combinations, between the BT6.1 promoter and uidA gene produced varying levels 
of enhanced GUS activity (Table 5.1). In combination with the BT6.1 promoter, the ubil 
intron (pBT6.1-Ubi-GN) significantly enhanced GUS activity over the native BT6.1 
promoter to levels similar to that of the maize ubil promoter and intron (pUGR73). Both 
pBT6.1-Ubi-GN and pUGR73 provided levels of GUS activity about 3-fold higher than the 
CaMV 35S promoter (p35S-GUS). Interestingly, the ubil intron alone (pUbi.INT-GR) 
directed relatively strong GUS expression, about 2-fold lower than the CaMV 35S 
promoter. Further, the rice actin intron alone (pAct.INT -GN) also generated relatively 
strong GUS expression comparable to the maize ubil intron. The level of GUS expression 
associated with the ubil and act1 introns, independent of an upstream promoter, suggested 
transcription was mediated from an alternative TAT A box. Either transcription was 
initiated from a cryptic TATA box within the cloning plasmid 5' ofthe intron, and correct 
intron splicing is maintained, or transcription was mediated from a cryptic TA TA box 
within the intron itself. Last et al. (1991) also detected maize adh1 intron directed reporter 
gene expression in a range of monocot cell lines; however, no explanation of this finding 
was offered. The maize ubil promoter without intron (pUbi.pro-GR) generated levels of 
GUS activity similar to the native BT6.1 promoter indicating the importance ofthe intron 
to promoter activity. 
The adh 1 promoter and intron (pAdh-GN) directed low levels of GUS expressiOn 
comparable to the native BT6.1 promoter. Introduction of the adh1 intron between the 
BT6.1 promoter and uidA reporter (pBT6.1-Adh-GN) did not significantly increase native 
promoter activity. The sugarcane rbcS intron alone (pRbcS.INT -GN) directed low levels 
of GUS expression, about 2-fold greater than the unshot control. In combination with the 
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BT6.1 promoter (pBT6.1-rbcS-GN), however, the sugarcane rbcS intron enhanced BT6.1 
promoter activity approximately 10-fold more than its native level. The rice actin intron 
provided the greatest enhancement ofBT6.1 promoter activity. GUS expression directed 
by this combination (pBT6.1-Act-GN) was about three-fold higher than the maize ubil 
promoter and intron. 
The adhl and ubil introns were inserted, in tandem, between the BT6.1 promoter and uidA 
reporter gene to determine the effects of multiple intron combinations on transgene 
expression. The plasmid pBT6.1-Ubi-Adh-GN showed approximately a 10-fold increase 
in GUS activity over the native B T6.1 promoter but was significantly lower than pBT6.1-
Ubi-GN. In contrast, the plasmid pBT6.1-Adh-Ubi-GN directed levels of GUS expression 
similar to that ofpBT6.1-Ubi-GN. Duplication of the ubil intron upstream of the BT6.1 
promoter generated a slight increase in GUS activity in comparison to the pBT6.1-Ubi-GN, 
although this was not statistically significant. The differential GUS expression observed 
between the plasmids pBT6.1-Adh-Ubi-GN and pBT6.1-Ubi-Adh-GN suggested that the 
intron positioned immediately 5' of the transgene governed the level of enhanced gene 
expression. However, it is possible that the upstream intron did have an effect on uidA 
expression as reflected by the increase in GUS levels with pBT6.1-Ubi-Adh-GN over 
pBT6.1-Adh-GN, and pBT6.1-dUbi-GN overpBT6.1-Ubi-GN, even though these activities 
were not at a statistically significant level. 
Intron enhanced BT6.1 promoter activity in transgenic banana plants 
Between 6 and 23 banana plants were transformed and regenerated with constructions 
pBT6.1-GN, pBT6.1-Adh-GN, pBT6.1-Ubi-GN, pUbi.INT-GR and pBIN-35S-GUS, and 
each was confirmed to contain the uidA gene by PCR. Four plants for each construction 
were further analysed by genomic Southern hybridisation. Between one and seven copies 
of the NPT II gene were present in each plant tested (results not shown). Leaf and root 
sections of2-3 month old in vitro plantlets were histochemically assayed for GUS activity. 
In addition, five plants representing each promoter construction were fluorometrically 
assayed (Table 5.2). No visible GUS expression was evident in plants transformed with 
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pBT6.1-GN, and pBT6.1-Adh-GN. Furthermore, fluorometric GUS assays on leaftissue 
from these plants indicated GUS activities were not significantly different from that 
observed from the non-transformed control activity. These results were consistent with 
transient assays which indicated the BT6.1 promoter was only weakly active and that the 
adhl intron provided little to no enhancement of promoter activity. Plants transformed with 
the plasmid pUbi.INT-GR gave relatively strong GUS expression which did not appear to 
be tissue specific. GUS activity associated with these plants was unlikely to be the result 
of integration downstream of an endogenous banana promoter, as six out of eight plants had 
similar expression levels which correlated with GUS levels observed in transient assays. 
Table 5.2: Mean GUS activities in transgenic regenerated banana plants. Leaves from five 
individual banana plants transformed with the plasmids pBT6.1-GN, pBT6.1-Adh-GN, 
pBT6.1-Ubi-GN, pUbi.INT-GR and pBIN-35S-GUS were fluorometrically assayed for 
GUS activity. A non-transformed banana plant was included as a control. Mean levels of 
GUS activity are represented as pmol4-MU/min/mg protein. 
Promoter Construction 
Non-transformed 
pBT6.1-GN 
pBT6.1-Adh-GN 
pBT6.1-Ubi-GN 
pUbi.INT-GR 
pBIN-35S-GUS 
Mean GUS Activity 
(pmol4-MU/min/mg protein) 
0.9 
3.9 
4.0 
9678.5 
1339.1 
11151.3 
Strong GUS expression was detected in plants transformed with the plasmid pBT6.1-Ubi-
GN suggesting efficient processing of the ubil intron was maintained in the transition from 
transient to stable integration. This activity was determined to be about seven- to eight-fold 
higher than plants transformed with the plasmid pUbi.INT-GR. GUS expression appeared 
most concentrated in the leaf and root vascular tissue, corm, and root meristems. However, 
in some plants, GUS activity was not limited to these tissue types. This may have been due 
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to a position effect associated with integration of the plasmid or an artefact associated with 
GUS histochemical assays. Constitutive GUS expression was observed in plants 
transformed with the plasmid pBIN-35S-GUS, harbouring a CaMV 35S-uidA cassette. 
Mean levels of GUS activity from pBIN-35S-GUS and pBT6.1-Ubi-GN stable 
transformants were relatively similar using fluorometric assays, although high levels of 
standard error were observed. This would suggest that GUS expression directed from 
pBT6.1-Ubi-GN was higher in vascular-associated tissues compared with GUS expression 
from pBIN-35S-GUS. 
We have demonstrated the enhancing effects of four monocot derived intron-containing 
fragments, the maize ubi1, maize adh1, sugarcane rbcS, and rice act1 introns, on a BBTV 
promoter, BT6.1, in banana cells using GUS transient assays. Of these, the rice actl intron 
provided the greatest enhancement ofBT6.1 promoter activity, increasing expression levels 
300-fold over the native BT6.1 promoter and 3-fold over the maize ubil promoter and 
intron in transient assays. Of the other introns tested, the maize ubi1 intron provided about 
a 1 00-fold increase in GUS expression over native BT6.1 activity, whereas the sugarcane 
rbcS intron generated a 10-fold increase over native BT6.1 activity, and the maize adhl 
intron had no significant effect. The absence of maize adh 1 IME with the BT6.1 promoter 
in banana is analogous to the effects of this intron in other non-graminaceous monocots 
such as Lolium spp. (Last et al. 1991). Also, in sugarcane protoplast transient assays, 
introduction of the adh1 intron either between the CaMV 35S or the nos promoters and the 
uidA reporter gene decreased GUS expression by 30 to 70% (Rathus et al. 1993). In 
contrast, inclusion of the adh1 intron within the 5' UTR of various constructs reportedly 
enhanced gene expression in a number of cereals (Callis et al. 1987, Fromm et al. 1990, 
Vasil et al. 1992, Walters et al. 1992). Thus, there is no clear pattern of effect on gene 
expression with the adh1 intron in graminaceous monocots. The enhancing effects ofthe 
maize ubi1 and rice act1 introns on a heterologous promoter have also been demonstrated 
with transient assays in other monocot species (McElroy et al. 1991; Vain et al. 1996). The 
maize ubi1 promoter and intron has been identified as the strongest of four compared 
promoters in banana transient assays, generating levels of expression greater than the AMV 
enhanced, duplicated CaMV 35S promoter and pEMU (Sagi et al. 1995). This study 
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suggests the high levels of activity associated with the ubil promoter and intron in banana 
appear to be primarily due to the presence of the ubil intron, without which the activity of 
the ubil promoter was comparable to the BT6.1 promoter. The BT6.1-act1 combination 
was significantly more active than the maize ubil promoter and intron in transient banana 
assays and, therefore, may be potentially useful for high level expression of trans genes in 
banana. 
Few studies have demonstrated IME of a heterologous promoter in stably transformed 
plants (Fromm et al. 1990, Tanaka et al. 1990; Xu et al. 1993). This study has shown that 
IME of a minimal, tissue-specific, heterologous promoter is maintained to a high level in 
stable transformants. The dramatic increase in GUS expression in transgenic plants, 
between the native BT6.1 promoter and ubil enhanced promoter, was analogous to that 
observed with transient banana assays. Such heterologous promoter-intron combinations 
may be particularly useful for high level tissue-directed expression of transgenes in 
monocots. Promoter activity associated with the ubil intron alone, independent of an 
upstream promoter, in both transient assays and transgenic plants, however, was 
unexpected. We are currently assessing RNA transcripts from these plants via northern and 
5' RACE studies in an attempt to further understand the mechanism by which this 
transcription is mediated. 
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Summary 
We have developed a method for the stable transformation and regeneration of 
Cavendish banana (Musa spp. AAA group) cv. 'Grand Nain' by microprojectile 
bombardment. Embryogenic cell suspensions were initiated using immature male 
flowers as the explant. Cells were co-bombarded with the neomycin phosphotransferase 
(npt II) selectable marker gene under the control of a banana bunchy top virus (BBTV) 
promoter or the CaMV35S promoter and either the p-glucuronidase (uidA) reporter 
gene or BBTV genes under the control of the maize polyubiquitin promoter. Plants were 
regenerated under selection with kanamycin that were co-transformed with npt II and 
either the uidA or BBTV genes. Molecular characterisation of transformants 
demonstrated that the transgenes had been stably integrated into the banana genome. 
Key Words: Musa, banana, transformation, microprojectile bombardment 
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Introduction 
Bananas and plantains are among the most important crops in tropical and subtropical 
developing countries. World production is estimated at over 88 million metric tons 
annually (Anon 1997). Approximately 15% of this production is for export trade and 
this is comprised largely of a single cultivar, Cavendish. Diseases threaten the current 
level of banana production and, as well as potentially diminishing an important food 
source, could have a major impact on the balance of trade of exporting countries. 
Genetic transformation, in conjunction with pathogen-derived resistance (Fitchen and 
Beachy 1993), is one potential strategy for developing virus resistance in bananas which 
has proven to be difficult to obtain by conventional breeding (Vuylsteke and Swennen 
1992). Further, no genes have been identified within the Musa gene pool that confer 
resistance to banana viruses such as banana bunchy top virus (BBTV), the causal agent 
of the devastating bunchy top disease. 
There have been a number of reports on the genetic transformation of banana (Sagi et al. 
1995, May et al. 1995), However, there is only one report on the production of 
transformed Cavendish plants. May et al. (1995) produced transgenic Cavendish cv. 
'Grand Nain' by co-cultivating wounded meristems with Agrobacteriurn turnefaciens. 
Although this technique is appealing because of its relatively short regeneration time, it 
may be of limited value because of the potential generation of chimeric plants (May et 
al. 1995). Transformation of totipotent single cells would overcome this limitation. Shii 
et al. (1992) reported the production of embryogenic cell suspensions of several 
Cavendish cultivars using immature male flowers as the explant. Escalant et al. (1994) 
and Cote et al. (1996) further refined this system and applied it to cv. 'Grand Nain'. The 
refined system had a very high regeneration capacity and it was considered that somatic 
embryos were most likely unicellular in origin. Such tissue is potentially an ideal target 
for genetic transformation. In this paper, we describe a system for the generation of 
transgenic 'Grand Nain' by microprojectile bombardment of embryogenic suspension 
cells derived from immature male flowers. 
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Materials and Methods 
Plant material 
Embryogenic cell suspensions of banana cultivars 'Grand Nain' and 'Williams' (Musa 
spp. AAA group, Cavendish subgroup) were initiated and maintained as described by 
Cote et al. (1996). Suspensions were initiated and maintained in M2 media (Cote et al. 
1996) or suspension maintenance media (BL) (Dhed'a et al. 1991). Suspension cells 
were collected four days after subculturing, and passed through a 450 J-Lm mesh. The 
filtrate was then left to settle for ten minutes. Sufficient supernatant was removed to 
leave a settled cell volume/liquid medium ratio of approximately 1:5. Cells were then 
resuspended and dispensed in 200 J-Ll aliquots onto 70 mm diameter Whatman filter 
paper discs in 90 mm Petri dishes containing BL medium solidified with 7g/l Sigma 
washed agar. Cells were bombarded four days after plating. 
Plasmids 
Schematic representations of transformation vectors used are shown in Figure 6.1. The 
plasmids pDHkan and pUGR73 were gifts from Linda Tabe and David McElroy 
(Division of Plant Industry, CSIRO, Canberra). 
The maize polyubiquitin-1 (Ubi-1) promoter and first exon and intron were excised 
from pUGR73 as a Psti fragment and cloned into the Pstl site ofpGEM3Zf" (Promega). 
This construct was designated pGEM-Ubi. The nos 3' untrans1ated region (3'UTR) from 
pBI121 (Clontech) was excised as a Saci!EcoRI fragment and cloned into the 
Saci/EcoRI site ofpGEM-Ubi. This construct was designated pGEM-Ubi-nos. 
The major open reading frame (ORF) of BBTV DNA-5 (Burns et al. 1995) and the 
internal ORF of BBTV DNA-1 (Beetham et al. 1997) were amplified by PCR using 
primers pairs BTutORF5-1 (5'-TGA GAG TTG GAA TCG TC-3') BTORF5-2 (5'-TTA 
GAG TTA TGT TAC ATC ATA GTC-3') and BTintORF1-1 (5'-GCG GAT CCA TGA 
TAA TTT ATT TGA TGT C -3'), BTintORFl-2 (5'-GCG AGC TCT CAT CTC TGC 
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Bam HI 
pBT6.3-Ubi-NPT -1 BT6.3 Pro I . r1 Ubt Intron H npt II H NOST r-
pUbi-BTintORF1-I Ubi Pro H Ubi Intron H BBTVintOl H NOST r-
pUbi-BTutORF5 -1 Ubi Pro H Ubi Intron H BBTVut05 H NOST r-
pUGR73-I Ubi Pro H Ubi Intron H uidA H RbcST r-
pDHkan -1 CaMV35S Pro H nptii H CaMV35S T r-
Figure 6.1. Schematic representation of gene constructs used for banana transformation. 
CaMV35S Pro= caulflower mosaic virus 35S promoter, uidA =~-glucuronidase (GUS) 
reporter gene, NOS T = cauliflower mosaic virus 35S gene 3' UTR, npt II = neomycin 
phosphotransferase gene, CaMV35S T =cauliflower mosaic virus 3 5S gene 3 'UTR, Ubi 
Pro = promoter from maize polyubiquitin-1 gene, Ubi Intron = first exon and intron from 
maize polyubiquitin-1 gene, rbcS T =tobacco rubisco gene 3 'UTR, BT6.3 Pro= promoter 
fromBBTV DNA-6,BBTVintORF1 =theinternalopenreadingframeofBBTVDNA-1, 
BBTV ut0RF5 =the open reading frame ofBBTV DNA-5 in an untranslatable form. 
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TTG TACT -3'), respectively. A 50 J.Ll PCR reaction mix contained the primers (0.4 
J.LM final concentration of each), 0.5 U DNA polymerase (Boehringer Mannheim 
Expand™), 200 )lM of each dNTP, 1 x reaction buffer (Boehringer Mannheim buffer 
system 3) and 0.1 ng of BBTV ssDNA extracted from purified virions. PCR conditions 
were 94°C/5 min followed by 30 cycles of 94°C/30 s, 45°C/30 s, 72°C/l min with a 
72°Cil 0 min final extension. The amplified 483 bp (BBTV DNA-5 ORF) and 126 bp 
(BBTV DNA-I internal ORF) fragments were individually subcloned into the Smai site 
of pGEM3Zf". The BBTV ORFs were subsequently excised from pGEM3Zf" as 
BamHI/Saci fragments and each inserted into the BamHI!Saci sites between the maize 
polyubiquitin promoter and the nos 3 'UTR, in the plasmid pGEM-Ubi-nos. These 
constructs were designated pUbi-BTutORF5 and pUbi-BTintORFl, respectively (Figure 
1). 
Promoter BT6.3 (239 bp) was isolated :from BBTV DNA-6 (Bums et al. 1995) by PCR 
using primer, BT6C1: 5'-GGA TCC GCT TCG TCC TTC CGC T-3' (BBTV DNA-6 
sequence complementary to nt 264-280 with BamHI restriction site) and primer, 
BT6V2: 5'- CTG CAG CAT GAC GTC AGC AAG G-3' (BBTV DNA-6 sequence from 
nt 42-57 with Psti restriction site). The PCR conditions were as previously described. 
The amplified product was cloned into Psti!BamHI digested pUC19 as a Psti/BamHI 
fragment. This construct was designated pUC-BT6.3. An npt II -35S 3' UTR cassette 
was excised from pDHkan with Kpni and inserted into the Kpni site located downstream 
of the BT6.3 promoter in pUC-BT6.3. This construction was designated pUC-BT6.3- . 
NPT. The 1010 bp Ubi-1 intron with the short upstream exon flanking sequence (41 bp) 
was excised from pGEM-Ubi as a Bglii!Smai fragment and directionally cloned between 
the BT6.3 promoter and npt II gene into the BamHI!Smai sites in pUC-BT6.3-NPT. This 
construction was designated pBT6.3-Ubi-NPT. 
Plasmid DNA was prepared usmg a Qiagen Plasmid Maxi Kit according to 
manufacturer's instructions. The plasmid pDHkan was co-transformed with pUGR73 
whereas the plasmid pBT6.3-Ubi-NPT was co-transformed with either pUbi-BTutORF5 
or pUbi-BTintORFl. The plasmids were mixed at equimolar concentrations before 
preparation of gold particles. 
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Bombardment conditions 
Suspension cells (cv. 'Grand Nain') were bombarded using a particle inflow gun (Finer 
et al. 1992). Gold particles (Bio-Rad), 1.0 1-lm in diameter, were used as 
microprojectiles. To prepare gold particles for bombardment, 120 mg of gold particles 
were washed three times in ethanol and three times in sterile distilled water before 
suspension in 1 mL of sterile 50% (v/v) glycerol. To prepare microprojectiles for 
bombardment, 25 I-LL of gold particles were sonicated for 30 s then mixed with 2 1-lg of 
plasmid DNA (equimolar concentration of co-transforming plasmids), 25 I-Ll 2.5 M 
CaCh, and 5 I-Ll 0.1 M spermidine-free base. All solutions were kept on ice. The gold 
was kept in suspension for 5 min by occasional vortexing, allowed to precipitate for 10 
min on ice and then 22 I-Ll of supernatant was removed. The remaining suspension was 
vortexed and then 5 I-Ll aliquots were used for each bombardment. Target tissue was 
placed 7.5 em from the point of particle discharge and covered by a 210 !-LID stainless 
steel mesh baffle. Helium pressure was 550 kPa and chamber vacuum was -84 kPa. 
Selection and regeneration of plants 
Ten days after bombardment, embryogenic cells, including non-bombarded controls, 
were subcultured on BL medium containing 100 mg/L kanamycin and solidified with 7 
giL agar. The cells were subcultured by transferring the supporting filter paper to fresh 
medium. After three months (monthly subcultures), plants were regenerated as described 
by Cote et al. (1996) by culturing for four months on M3 medium containing 100 mg/L 
kanamycin to allow for embryo formation and maturation. After this, putatively 
transgenic embryos were removed from the filter paper and placed in direct contact with 
M4 medium (embryo germination) containing no antibiotic. Embryos were cultured on 
this medium until they germinated which took up to three months. Germinated embryos 
were then rooted on M5 medium containing 100 mg/L kanamycin. Rooted plantlets 
were maintained in vitro and analysed to verify stable transformation. Non-transformed 
Cavendish plants (cv. 'Williams') were also regenerated from embryogenic cell 
suspensions as described by Cote et al. (1996), acclimatized in the glasshouse and then 
142 
transferred to the field. After 14 months (after they had produced fruit), 33 non-
transformed plants were assessed for the level of somaclonal variation. 
Histochemical GUS assay 
For 13-glucuronidase (GUS) assays, tissue was incubated in buffer containing 100 mM 
sodium phosphate (pH 7.0), 50 mM ascorbate and 1 mM 5-bromo-4-chloro-3-indolyll3-
D-glucuronide (x-gluc) according to Jefferson (1987). Samples were incubated 
overnight at 37°C and cleared with acetic acid:ethanol (1 :3). 
Genomic DNA isolation, PCR and Southern blot hybridization analysis 
Genomic DNA was isolated from leaves according to a modified CT AB protocol 
(Stewart and Via 1993). Full length transgenes were amplified by PCR using the 
following primer pairs: GUS gene, GUS-1 (5'-ATG TTA CGT CCT GTA GAA ACC 
C-3') and GUS-2 (5'-TCA TTG TTT GCC TCC CTG CTG C-3'); npt II gene, NPT-1 
(5'-ATG ATT GAA CAA GAT GGA TTG C-3') and NPT-2 (5'-TCA GAA GAA CTC 
GTC AAG AAG G-3'); BBTV DNA1 internal gene, BTintORFl-1 and BTintORF1-2; 
Untranslatable BBTV DNA5 gene, BTutORFS-1 and BTORFS-2. PCR conditions were 
as previously described except that 1 Jlg of isolated genomic DNA was used as the-
template and the primer annealing temperature was 50°C. For Southern blot 
hybridization analysis, 10 J-Lg of each genomic DNA sample was digested with BamHI 
and electrophoresed through a 1% agarose gel in 1 x TAE buffer. DNA was transferred 
to a positively charged nylon membrane (Boehringer Mannheim) by the method of 
Southern (1975). DIG-labelled probes, specific for the npt II gene, were prepared using a 
PCR DIG probe synthesis kit (Boehringer Mannheim) and primers NPT-1 and NPT-2. 
Membranes were probed using a DIG luminescence detection kit (Boehringer 
Mannheim) as per manufacturer's instructions. The hybridization signal was detected by 
autoradiography. 
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Results and Discussion 
Initiation of suspension cultures and regeneration of non-transformed plants 
Embryogenic callus :fi:om immature male flowers of 'Grand Nain' and 'Williams' were 
placed in either M2 or BL medium to compare the quality of suspension cultures. In 
both media, cell suspensions formed within two months and after four months were 
sufficiently homogeneous for use in transformation experiments. Suspensions cultured 
in both media consisted of individual, elongated highly vacuolated cells and clusters of 
embryogenic cells as previously described by Dhed'a et al. (1991). However, more 
highly vacuolated cells were observed in suspensions cultured in M2 medium. When 
plated on M3 embryo formation medium (Cote et al. 1996), the large vacuolated cells 
became necrotic and died whereas the embryogenic cell clusters produced somatic 
embryos. Suspensions cultured in both media were capable of producing somatic 
embryos; however, cells from the BL medium produced more embryos and had less 
necrosis than cells from the M2 medium. 
The longer the embryos were allowed to mature on M3 medium, the higher the 
frequency of germination as also reported by Grapin et al. (1996). For instance, embryos 
matured on M3 medium for four months had a germination frequency of 50% - 60% 
compared with 10% - 20% after three months maturation. 
Somaclonal variation was assessed in 33 regenerated non-transgenic 'Willian1s' plants. 
After 14 months growth in the field, all of the 33 plants appeared phenotypically normal. 
However, two suckers from one plant were 'mosaic' somaclonal variants (narrow, 
thickened, chlorotic leaves) which is a common 'off-type' produced during tissue 
culture of Cavendish (Israeli et al. 1991 ). Other suckers from the same plant were 
normal, indicating that the plant was chimeric. If banana somatic embryos are 
unicellular in origin as proposed by Cote et al. (1996), then the somaclonal variation 
probably did not occur in suspension culture but rather after formation of the 
multicellular embryo. The occurrence of only one plant with 'off-type' suckers indicated 
that the level of somaclonal variation in Cavendish plants derived from embryogenic 
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cell suspensions was low. However, larger numbers of plants need to be assessed to 
more accurately determine the frequency of somaclonal variation. 
Regeneration of Transgenic Plants 
Embryogenic suspension cells of 'Grand Nain' were bombarded with the uidA reporter 
gene and potential virus resistance genes six months after the suspension was initiated in 
BL medium. In previous experiments, suspension cells were bombarded four and five 
months after initiation however, very few transgenic plants were produced (results not 
shown). This may have been due to the different transformation constructs used and/or 
to the age of the culture because suspensions reached highest regenerative capacity at six 
months. 
Bombarded cells were selected for three months on BL medium followed by four 
months selection on M3 medium (both media containing 100 mg/L kanamycin). 
Embryos were then transferred to M4 germination medium without antibiotic. Studies 
on transformation of 'Bluggoe' (Musa spp. ABB group) embryogenic suspension cells 
have shown that geneticin allowed the formation of transgenic embryos, but interfered 
with embryo germination (Becker, Harding and Dale, unpublished results). The 
inhibitory effect of kanamycin in the regeneration phase of plant transformation has also 
been previously reported in other crops (Yao et al. 1995; Bretagnesagnard and Chupeau 
1996). Thus kanamycin was omitted from embryo germination media and re-introduced 
at the rooting stage. As bombarded cells had already been on selection for seven months 
and no embryos had formed from non-bombarded cells on selection, it was considered 
unlikely that the embryos formed were 'escapes'. On rooting medium containing 
kanamycin, all germinated embryos formed roots and continued to actively grow (Figure 
6.2). When assayed for GUS expression, all four plants transformed with the plasmid 
pUGR73 showed high expression in leaf and root tissue whereas no activity was 
observed in untransformed plants (Figure 6.3). 
Two constructs with BBTV genes were also prepared and used to bombard banana 
embryogenic suspension cells. The BBTV DNA-5 gene and the BBTV DNA-1 internal 
gene both encode proteins that may be involved in virus replication (Wanitchakom, 
Hafner, Harding and Dale, unpublished results) and these may be candidate genes for 
virus derived resistance. 
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Figure 6.2. Transgenic 'Grand Nain' plants on rooting medium containing 100 mg/L 
kanamycin. Plants have produced roots, healthy pseudostems and leaves. No plants were 
regenerated from non-bombarded cells placed on selection medium. 
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Figure 6.3. Histochemical GUS stain of transgenic and non-transformed 'Grand Nain' 
tissue. The uidA gene driven by the maize polyubiquitin-1 promoter resulted in strong GUS 
activity in leaf and root tissue (A) whereas no GUS acitivity was observed in tissue from 
non-transformed plants (B) (Scale bar= 5 mm). 
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Analysis of Transgenic Plants. 
Southern blot hybridization analysis of eight plants transformed with pBT6.3-Ubi-NPT 
confirmed stable integration of npt II into the genome. The hybridization signals in lanes 
containing genomic DNA of transgenic plants were of different molecular weights to the 
positive control plasmid (5.5 kb), whereas no signal was detected in the non-
transformed control lane (Figure 6.4). The copy number ranged from 1 to 14 based on 
the number of bands present in each lane. The transfer of banana genomic DNA to the 
membrane appeared to block non-specific binding of the probe, resulting in white bands 
in lanes containing DNA of both transgenic and non-transgenic plants (Figure 6.4). 
To confirm that plants were derived from a single transformed cell and were not 
chimeric, three plants that were derived from different bombarded plates, and were 
therefore certainly derived from three different transformation events, were selected for 
analysis. The three plants, which were co-transformed with pUbi-BTutORF5 and 
pBT6.3-Ubi-NPT, were placed on multiplication media (M5 containing 5 mg/L 6-
benzylaminopurine) with no antibiotic to allow possible non-transformed cells to form 
suckers. Three suckers from each of the three plants were assessed for the presence of 
pUbi-BTutORF5 using PCR and all tested positive. 
Table 6.1 shows the number of transgenic plants produced containing uidA and the 
different BBTV constructs. Putatively transformed embryos formed in clusters with only 
one cluster forming per plate, however there were as many as 23 plants regenerated from 
a single embryo cluster. Although not all plants derived from individual embryo clusters 
were analyzed by Southern blot hybridization, it is most likely that plants from a single 
cluster were all derived from the same transformation event. The transformation 
efficiency was 1 0 individual transformation events from 90 bombardments or 
approximately 11%. All plants were co-transformed indicating that the potential for co-
transformation is very high. 
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Figure 6.4. Southern blot analysis of eight putatively transformed 'Grand Nain' plants. 
Positive control plasmid, and total genomic DNA from a non-transformed control plant 
and selected transgenic plants were all digested with Bam HI. The positive control plasmid 
(pBT6.3-Ubi-NPT) contained a single Bam HI site and was 5.5 kb in size. Lane 1: pBT6.3-
Ubi-NPT (1 ng). Lane 3: non-tranformed control. Lanes 4 to 11: plants putatively 
transformed with pBT6.3-Ubi-NPT. 
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Table 6.1. Summary of banana transformation results and molecular analysis of 
transgenic rlants 
pUbi-BtintORFl a 
pBT6.3-Ubi-NPTb 
pUbi-BTutORF5 a 
pBT6.3-Ubi-NPTb 
pUGR73 a 
pDHkanb 
Total 
Plates bombardedc 42 42 6 90 
Plates forming embryo 3 6 1 10 
clustersd 
Plants regeneratede 16 55 4 75 
PCR analysisr 16/16 55155 4/4 75/75 
Southern blot 3/3 5/5 nd 8/8 
hybridization analysisg 
Plants were co-transformed with either a pathogen derived construct or uidA reporter 
gene (a), and a selectable marker construct (b). 
c: Number of plates co-bombarded with each plasmid combination. 
d: Number of plates that formed transgenic embryo clusters. Plates only formed one 
transgenic embryo cluster each i.e., one plate gave rise to one transformation event. 
e: Total number of plants regenerated. More than one plant was regenerated from each 
embryo cluster. 
f: Number of plants testing positive for the presence of either the BBTV transgene or 
uidA/total number of plants screened by PCR with gene-specific primers. 
g: Number of plants testing positive for the presence of the npt II gene/total number 
screened by Southern blot hybridization analysis with an npt II specific probe. 
nd: not determined. 
This appears to be the first report of the transformation of 'Grand Nain' by 
microprojectile bombardment using male flower derived embryogenic suspension cells 
as the target tissue. Individual transformed plants appeared to be unicellular in origin 
and composed of cells derived from a single transformation event. We are currently 
assessing plants in the glasshouse for virus resistance and also optimising the 
transformation protocol to enable more efficient production of large numbers of 
transgenic lines. 
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Summary 
Banana (Musa spp.) cvs. 'Grand Nain' and 'Bluggoe' were transformed with constructs 
that could potentially confer resistance to banana bunchy top nanovirus (BBTV) and 
banana bract mosaic potyvirus (BBrMV). The constructs included the BBTV DNA-1 
major and internal genes, translatable and untranslatable BBTV DNA-5 gene, and the 
BBrMV coat protein-coding region all under the control of the Ubi-1 promoter. These 
constructs were co-transformed with a plasmid containing the npt II selectable marker 
gene driven by the BBTV DNA-6 promoter (BT6). The transformation efficiency using 
the DNA-5 gene was extremely low. However, this efficiency was increased using a 
construct containing an untranslatable DNA-5 gene suggesting that the DNA-5 protein 
was toxic at high concentrations. The efficiency of transformation using the BT6 
promoter was as high as when the cauliflower mosaic virus 358 (CaMV 358) promoter 
was used to drive npt II. At least 30 transgenic lines containing each construct were 
identified. When transferred to multiplication medium the majority of these plants did 
not produce suckers. Transversely sectioning the corms of these plants induced the 
axillary buds within the corms to develop into plantlets which then continued to produce 
suckers. In this way replicates of each line were produced in preparation for virus 
challenge. 
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Introduction 
Banana production has been, and continues to be, limited by virus diseases including 
those caused by banana bunchy top nanovirus (BBTV) and banana bract mosaic 
potyvirus (BBrMV). Resistance is the most attractive approach to control but the lack of 
natural resistance genes within the banana gene pool and the difficulties in breeding 
edible banana cultivars (Vuylsteke and Swennen 1992) makes conventional breeding 
non-viable. Thus, banana is an ideal candidate for developing genetically engineered 
virus resistance. Pathogen derived resistance (PDR) to viruses has been one of the most 
successful applications of plant biotechnology (Wilson 1993). Virus genes used for this 
strategy have included the coat protein (CP), replicase, or movement protein (MP) and 
these have been in native, antisense, mutated, truncated or untranslatable forms 
(Baulcombe 1996). 
BBTV is the most important virus affecting banana. It is present in many banana-
growing regions of the world and continues to spread to new regions (Kenyon et al. 
1997, Khalid and Soomro 1993). If not strictly controlled by roguing, infection can 
spread rapidly throughout a plantation (Smith et al. 1998). Depending on the stage at 
which a plant is infected, BBTV usually prevents fruit production completely. 
BBTV is a member of a newly described group of viruses, the nanovirus group. None of 
the members of this group, including BBTV, have been fully characterised; many of the 
gene function have not been elucidated and the replication and infection cycles are 
poorly understood. As a result, there is no clear PDR strategy for the nanoviruses. 
However, as the nanoviruses are circular ssDNA viruses, some information can be 
inferred from comparisons with the other group of cssDNA viruses, the Geminiviridae. 
However, the PDR strategy has been far less successful for resistance to the 
Geminiviridae compared to that of RNA plant viruses. Thus, the choice of target genes 
for PDR to BBTV was based on anticipated rather than established effect. 
While BBrMV is not as widespread as BBTV, it has caused significant yield losses in 
some banana growing regions (Magnaye and Espino 1990). It has been reported in the 
Philippines, India and Sri Lanka (Rodoni et al. 1997) but may also be present elsewhere. 
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BBrMV is a member of the very well characterised family of viruses, the Potyviridae, 
where PDR strategies are comparatively well defined. Resistance, either RNA or protein 
mediated, conferred by the coat protein (CP) gene has been successfully used with many 
species of the potyvirus group (Lindbo et al. 1993) and plants with resistance to 
potyviruses mediated by the CP gene are now commercially available (Gonsalves 1998). 
Therefore, CP gene was targeted for BBrMV resistance. In this chapter, the generation 
of transgenic banana containing potential virus resistance genes to both BBTV and 
BBrMV is described. 
Materials and Methods 
Generation of transgenic plants: 
Banana cvs. 'Bluggoe' and 'Grand Nain' were transformed as described in Becker et al. 
(1998a, 1998b). In conjunction with the transformation of 'Bluggoe' with potential virus 
resistance constructs, the efficacy of kanamycin at 100 mg/L and genetic in at 15 mg/L 
was compared to confirm the results of Becker et al. (1998a). Transgenic plants were 
maintained as single plantlets on RS4 (Dhed'a et al. 1991) for 'Bluggoe' or M5 (Cote et 
al. 1996) for 'Grand Nain', until PCR analysis confirmed transformation with the virus 
resistance constructs (VRCs). VRC transformed 'Bluggoe' were then multiplied on 
media as described by Banerjee and DeLanghe (1985) with modifications to BAP 
concentrations. VRC transformed 'Grand Nain' were multiplied on M5 media with the 
addition of 5 mg/L BAP. 
Plasmids: 
The plasmids used in transformation experiments are shown in Figure 7 .1. Plasmids 
pDHKan, pBT6.3-Ubi-NPT, pUbi-BTintORF1 and pUbi-BTutORF5 are as described in 
Becker et al. (1998b). The plasmid pUbi-BMCP was provided by B. Rodoni (Rodoni, 
1998). Plasmids pUbi-ORF1 and pUbi-ORF5 are as described in Dugdale (1998). 
157 
pDHKan -1 CaMV35S ProH nptii H CaMV35S T 1-
pBT6.3-Ubi-NPT -1 BT6.3 Pro H Ubi Intron H npt II H NOST t-
pUbi-BTORFl --l Ubi Pro H Ubi Intron H BBTVORFl H NOST t-
pUbi-BTintORFl--1 Ubi Pro H Ubi Intron H BBTV intORFl H NOST t-
PUbi-BTORF5 --l Ubi Pro H Ubi Intron H BBTVORF5 H NOST t-
pUbi-BTutORF5 --l Ubi Pro H Ubi Intron H BBTVutORF5 H NOST t-
pUbi-BMCP --j Ubi Pro H Ubi Intron H BBrMVCP H NOST t-
Figure 7.1. Schematic representation of gene constructs used for banana transformation. 
CaMV35S Pro = cauliflower mosaic virus 35S promoter, npt II = neomycin 
phosphotransferase gene, CaMV35S T= cauliflower mosaic virus 35S gene 3'UTR, BT6.3 
Pro= promoter from DNA-6 ofbanana bunchy top virus, Ubi Intron =first exon and intron 
from maize polyubiquitin-1 gene, NOS T = nopaline synthase gene 3'UTR, Ubi Pro= 
promoter from maize polyubiquitin gene, BBTV ORFl = the major gene from BBTV 
DNA-1, BBTV intORF1 =the internal gene ofBBTV DNA-I, BBTV ORF5 =the gene 
from BBTV DNA-5, BBTV ut0RF5 =the gene from BBTV DNA 5 in an untranslatable 
form,BBrMVCP=theBBrMV coatproteincodingregion. 
158 
Analysis of transgenic plants: Genomic DNA was isolated from in vitro leaf tissue 
according to a modified CTAB protocol (Stewart and Via 1993). Full-length transgenes 
were amplified by PCR using conditions described in Becker et al. (1998a) and the 
following primers: npt II gene, NPT1 and NPT2; BBTV DNA-1 internal gene, 
BTintORF1-1 and BTintORF1-2; translatable and untranslatable BBTV DNA-5 genes, 
BTutORF5-1 and BTutORF5-2 (Becker et al. 1998a); BBrMV coat protein coding 
region, BMCP-1 (5'-ATG TCT GGA ACG GAG TCA ACC-3') and BMCP-2 (5'-GAT 
CAA TAC CTC ACA GGC GGT-3'); BBTV DNA-1 gene, BTORF1-1 (5'-ATG GCG 
CGA TAT GTG GTA TGC-3') and BTORF1-2 (5'-TCA GCA AGA AAC CAA CTT 
TAT TCG-3'). 'Bluggoe' plants derived from each bombarded plate were sequentially 
screened until a VRC transformed plant was found. Once a VRC transformed plant was 
identified it was moved to multiplication media. The remaining plants from each plate 
were not screened but kept for possible later use by culturing on single shoot medium 
(RS4) under minimal growth conditions (16°C, 16 h photoperiod). All 'Grand Nain' 
plants generated were screened for the presence ofVRCs by PCR. 
Results 
'Bluggoe' 
A total of 266 plates of 'Bluggoe' suspension cells were co-transformed by 
bombardment with the selectable marker construct (either pBT6.3-Ubi-NPT or pDHkan) 
and one of five VRCs. From these cells, 720 putatively transgenic 'Bluggoe' plants 
were produced (Table 7.1). A total of 258 plants were screened by PCR to identify 
individuals that were transformed with the VRCs (Figure 7 .2). A total of 190 transgenic 
plants from 151 different bombardments were identified as VRC transformed. Plants 
that were not transformed with VRCs were tested for the presence of npt II using PCR. 
Of the 68 plants tested, npt II could not be detected in 17. Eight ofthe 17 were from 162 
plants selected on kanamycin and 9 were from 96 plants selected on geneticin resulting 
in an 'escape' level of 4.9% and 9.4% for the two antibiotics, respectively. 
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Table 7.1. Transgenic lines of banana cv. 'Bluggoe' transformed with potential virus 
resistance constructs. 
Virus resistance construct/ 
selectable marker construct 
pUbi-BTintORF1/pDHKan 
pUbi-BTORF1/pBT6.3-Ubi-NPT 
/pDHKan 
pUbi-BTORF5/pBT6.3-Ubi-NPT 
pUbi-BTutORF5/pBT6.3-Ubi-NPT 
/pDHKan 
pUbi-BMCP/pBT6.3-Ubi-NPT 
/pDHKan 
Total 
No. of plants 
Produced/number 
of bombarded 
plates 
161156 
84/30 
63/24 
24/42 
71124 
82/30 
161/37 
74/23 
720/266 
No. of 
lines 
identified* 
40 
19 
14 
4 
15 
22 
25 
16 
151 
Total no. oflines 
containing each 
virus resistance 
construct 
40 
33 
4 
37 
41 
151 
* Plants derived from different bombarded plates were regarded as different lines. 
Multiple plants from one plate were identified as transformed with virus resistance 
constructs but only one was included in the number of lines as Southern hybridisation 
analysis was not used to confirm they were derived from different transformation 
events. 
The number of plants produced from selection on kanamycin was 569 from 138 
bombardments (mean= 4.12) and 151 from 128 bombardments (mean= 1.18) using 
geneticin. When the number of transgenic plants containing various VRCs were 
compared, the pUbi-BTORF5 construct resulted in a marked decrease in the 
transformation efficiency. The mean number of plants generated per bombardment 
ranged from 2.8 to 3.9 except pUbi-BTORF5 which had a mean ofO.l. In addition, the 
co-transformation frequency of the selectable marker construct with the VRCs 
(excluding pUbi-BTORF5) ranged from 70% to 84.5% whereas with pUbi-BTORF5 it 
was 30%. 
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Figure 7.2. Screening of transgenic banana plants for the presence of virus resistance 
constructs by PCR. The primers used were designed to amplify the entire ORF within each 
virus resistance contruct. Transgenic 'Bluggoe' were analysed for the presence ofpUbi-
BTORF1 (A) and pUbi-BTintORF1 (B), while transgenic 'Grand Nain' were analysed for 
the presence ofpUbi-BTutORF5 (C) and pUbi-BMCP (D). Molecular weight marker X 
(Boehringer Mannheim) (mw), positive control plasmid (p ), non-transformed banana (wt) 
and putatively transformed banana (brackets) are indicated. 
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The transformation efficiency of 'Bluggoe' using either pBT6.3-Ubi-NPT or pDHKan 
was also compared. This comparison was made using three different VRCs; pUbi-
BTORF1, pUbi-BTutORF5 and PUbi-BMCP, with each of the two selectable marker 
constructs (Table 7.1). The mean number of transgenic plants produced per 
bombardment was 3.47 (316 plants from 91 bombardments) using pBT6.3-Ubi-NPT 
and 2.84 (219 plants from 77 bombardments) using pDHkan. 
Most transgenic 'Bluggoe' cultured on multiplication medium (Banerjee and DeLanghe 
1985) that contained 2.25 mg/L BAP, did not produce suckers even when no selective 
agent was used. Despite increasing the BAP concentration to 5 mg/L and then to 1 0 
mg/L, plantlets remained as single shoots. Therefore, the corms of plants not 
multiplying were cut transversely into 2 to 3 mm sections and placed on media 
containing 5 mg/L BAP. Multiple shoots formed from these corm slices (Figure 7.3) and 
these shoots continued to multiply when excised from the corm slice and cultured on the 
same medium. 
'Grand N ain' 
'Grand Nain' suspension cells were co-transformed by bombardment with pBT6.3-Ubi-
NPT and one of four VRCs. A total of 80 transgenic plants was produced from 168 
bombardments (Table 7.2). Plants were screened by PCR for the relevant VRC and npt 
II and all 80 contained both the VRC and the selectable marker gene. No plants were 
produced from plates bombarded with pUbi-BTORFl. Like 'Bluggoe', some transgenic 
'Grand Nain' did not produce suckers when placed on multiplication medium. These 
plants were induced to multiply in the same manner as the transgenic 'Bluggoe' by 
sectioning and continued culturing on the same medium. 
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Figure 7.3. Multiplication oftransgenic 'Bluggoe' by sectioning ofthe corm. The corms of 
transgenic 'Bluggoe' plants were cut transversely into 2 mm to 3 mm thick sections and 
cultured on multiplication media. Sections from the part ofthe corm that contained axillary 
buds produced shoots (A) whereas shoots did not regenerate from other sections (B). 
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Table 7.2. Transgenic lines of banana cv. 'Grand Nain' transformed with potential virus 
resistance constructs. 
Virus resistance Number of plants Number of lines 
constructa produced/number of 
bombarded platesb 
identifiedc 
pUbi-BtintORFl 16/42 3 
pUbi-BTORF1 0/42 0 
pUbi-BTORF5 55/42 6 
pUbi-BMCP 9/42 3 
Total 80/168 12 
a: All virus resistance constructs were co-bombarded with pBT6.3-Ubi-NPT. 
b: All plants tested positive for the presence ofVRCs using PCR. 
c: Plants derived from different bombarded plates were regarded as different lines. 
Multiple plants from one plate were identified as transformed with virus resistance 
constructs but only one was included in the number of lines as Southern hybridisation 
analysis was not used to confirm they were derived from different transformation 
events. 
Discussion 
Five different VRCs were transformed into 'Bluggoe' and three were transformed into 
'Grand Nain'. The selection ofthe BBrMV coat protein coding region (pUbi-BMCP) as 
a PDR candidate was based on previous successes with generating PDR to potyviruses 
using this coding region (Lindbo et al. 1993). Interestingly, it is likely that in many cases 
this resistance is RNA-mediated (van den Boogaart et al. 1998). 
Conversely, the rationale for the selection of the different PDR gene candidates for 
BBTV resistance was based on predicted or possible effects. For instance, the selection 
ofthe genes ofBBTV DNA-1, pUbi-BTORF1 and pUbi-BTintORFl, was based on the 
known or predicted functions of these genes. BBTV DNA-I has two genes. The major 
gene encodes the replication initiation protein (Rep) (Hafner et al. 1997) whereas the 
internal gene encodes a protein involved in replication but whose exact function is 
unknown (James, Harding and Dale unpublished results). 
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Bananas were transformed with the Rep gene from BBTV DNA-1 in an attempt to 
prevent virus replication either by inducing post-transcriptional gene silencing of 
episomal DNA-1 Rep gene when the plant is infected with BBTV (van der Boogaart et 
al. 1998), or alternatively, by inducing high constitutive expression of the Rep which 
may interfere with replication (Carr and Zaitlin 1993). The internal gene of BBTV 
DNA-1 possibly regulates expression of the replication protein by analogy with the 
function of a gene similarly located in tomato golden mosaic geminivirus (Groning et al. 
1994). Therefore, virus replication may be prevented by over expression of this gene 
product which may prevent virus replication or induce post-transcriptional silencing. 
The BBTV DNA-5 gene encodes a protein which contains a putative retinoblastoma 
binding-like motif (Wanitchakorn, Hafner, Harding and Dale, unpublished results) 
similar to that found in mastrivirus group of geminiviruses (Xie et al. 1995). It has been 
proposed that this protein causes cells to enter S phase of the cell cycle, during which 
DNA replication occurs (Xie et al. 1996), thus allowing for geminivirus replication. 
Indeed, when BBTV components are introduced into banana cells by microprojectile 
bombardment, the presence of BBTV DNA-5 appears to be essential for BBTV 
replication (Horser, Harding and Dale unpublished results). As it appears the expression 
of this gene is crucial at the first stage of infection, it was predicted that post-
transcriptional silencing of this gene would result in the inability of BBTV to replicate 
in the first infected cell and therefore stop systemic infection. 
Interestingly, transformation with the construct carrymg this gene (pUbi-BTORF5) 
appeared to be toxic and resulted in a reduced transformation and co-transformation 
efficiency. It is possible that high expression ofBBTV DNA-5 gene driven by the Ubi-1 
promoter was toxic to banana cells, or at the very least, kept them in a callus phase and 
prevented plant regeneration. Therefore, an untranslatable form was constructed to 
enable the production of a higher number of transgenic lines carrying this gene. The 
transformation efficiency using the untranslatable construct was similar to that of other 
transgenes indicating that the protein produced by BBTV DNA-5 ORF was in fact toxic 
to banana cells. 
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Although a large number of 'Bluggoe' transgenic lines and fewer 'Grand Nain' lines 
have been transformed with potential VRCs, it is unlikely that all will be virus resistant 
Previous studies have shown that only a limited proportion of lines carrying VRCs will 
exhibit a resistant phenotype. For example, only one out of ten tobacco lines 
transformed with the CP gene of tobacco etch potyvirus (TEV) was highly resistant 
when challenged with the virus (Silva-Rosales et al. 1994). Thus, a large number 
(preferably greater than 20) of transgenic lines is required in order to screen for the few 
lines that are resistant, even when using proven strategies such as CP-mediated 
resistance. 
In this study, more than 30 transgenic lines of 'Bluggoe' were identified for each VRC. 
These numbers will allow the preliminary investigation of the efficacy of each construct. 
However, if a particular construct shows potential, many more lines are available. Plants 
from each bombarded plate were screened sequentially by PCR. In most cases, once a 
plant was found to contain the VRC, the remainder of the plants from that plate were not 
screened. Only 258 of a total of 720 plants were screened. Becker et al. (1998a) 
demonstrated by Southern hybridisation that most plants from a single bombardment 
were derived from different transformation events and that the co-transformation 
frequency was approximately 80%. In this study, 190 (74%) of the 258 plants screened 
were co-transformed. Therefore, another 340 lines of the 462 plants that remain 
unscreened are potentially transformed with a VRC. Unfortunately, the efficiency of 
transformation of 'Grand Nain' was considerably lower and it is unlikely that sufficient 
transgenic lines have been generated to be confident of identifying a BBTV or BBrMV 
resistant line. 
The large number of transgenic 'Bluggoe' plants generated in this study enabled the 
investigation of the effect of a number of factors affecting transformation efficiency. 
Becker et al. (1998a) initially compared kanamycin and geneticin as selective agents 
based on 78 plants derived from 29 bombardments. In this study, data from 720 plants 
derived from 266 bombardments demonstrated that kanamycin was a better selection 
agent in terms of number of plants regenerated ( 4.12/plate compared with 1.18/plate, 
respectively). Becker et al. (1998a) suggested that both were effective selective agents at 
the embryo formation stage however geneticin appeared to interfere with embryo 
germination. 
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The selectable marker constructs, pBT6.3-Ubi-NPT and pDHKan (CaMV 358-NPT), 
were used in conjunction with different VRCs across a number of different 
bombardment experiments. The use of pBT6.3-Ubi-NPT resulted in the same 
transformation efficiency as using pDHKan. There are a number of benefits in 
identifying alternative selectable marker constructs. Firstly, it provides an additional 
promoter for use in banana transformation. Use of the same promoter to drive the 
expression of a number of transgenes in the same plant can result in gene silencing 
(Finnegan and McElroy 1994). Thus, the use of different promoters for each transgene 
reduces the possibility of silencing. It has been demonstrated that Ubi-1 intron-enhanced 
expression ofBT6.3 driving npt II is not necessary for efficient selection of transformed 
banana (Chapter 8). This eliminates any homology with the Ubi-1 promoter which is 
always used in conjunction with its intron. Secondly, using the BT6.3 promoter to drive 
the selectable marker gene allows the CaMV 35S promoter, which drives higher 
expression in stably transformed plants, to be used to drive expression of other 
transgenes. Thirdly, because the BT6.3 promoter drives low expression in stably 
transformed plants (Becker et al. 1998a) it is an ideal promoter to use with a selectable 
marker gene as high expression of this gene in transgenic plants is less desirable. 
Finally, the CaMV 35S promoter is patented and its use for some applications is 
restricted. This may make the commercial release of a transgenic plant containing this 
promoter difficult. 
Transgenic plants, cultured for several months on hormone-free media, failed to 
multiply when transferred to multiplication media. These plants continued to produce a 
single stem and no suckers even using relatively high concentrations of BAP. This lack 
of sensitivity to BAP appeared to be epigenetic as it could be overcome by sectioning 
the corm prior to culturing on multiplication medium. Using this technique, axillary 
buds that had remained dormant in the corm were induced to produce shoots and 
multiply. The 'Bluggoe' transgenic lines are now being multiplied prior to screening for 
resistance to BBTV and BBrMV. It is likely however, that more lines of 'Grand Nain' 
will need to be generated to obtain a resistant phenotype. For instance, no plants were 
generated containing pUbi-BTORFl. It is unlikely that this was due to toxicity of the 
construct since many 'Bluggoe' plants containing this construct were generated. To 
increase the number of transgenic lines, a more efficient transformation and regeneration 
protocol for 'Grand Nain' is therefore needed. 
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Summary 
Immature male flowers were used to initiate embryogenic cell suspensions of several 
banana cultivars of various genotypes including 'Grand Nain' (AAA), 'Williams' 
(AAA), 'SH-3362' (AA), 'Goldfinger' (AAAB) and 'Bluggoe' (ABB). Seasonal 
influences on the frequency of somatic embryogenesis in male flower cultures initiated 
at different times of the year were observed with flower cultures initiated in July giving 
the best response. There were also differences in the media requirements between the 
different cultivars with the embryogenic response of 'Goldfinger' and 'Bluggoe' 
improved by decreasing the 2,4-D concentration in the initiation medium from 4 to 2 
and 1 mg/L, respectively. Significant variability was observed in the embryogenic 
capacity of suspensions of the same cultivar. Although this variability was high, the use 
of BL liquid medium appeared to result in a higher quality suspension than M2 medium. 
Cells from a highly embryogenic suspension of 'Grand Nain' were transformed by 
microprojectile bombardment with a construct containing the green fluorescent protein 
(gfp) reporter gene driven by the cauliflower mosaic virus 35S promoter and neomycin 
phosphotransferase (npt II) selectable marker gene driven by the promoter from banana 
bunchy top virus (BBTV) DNA-6. Transgenic plants were regenerated under selection 
:; with kanamycin. The transformation efficiency was high with an average of 30 
transgenic plants generated per bombardment. 
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Introduction 
For a plant transformation system to have practical or commercial application, it must 
be highly efficient to allow for selection of lines that have the desired traits conferred by 
the transgene, and also be true to type. Somatic embryogenesis is the preferred pathway 
for banana transformation as it should not result in chimerism. Although, banana 
transformation systems have been reported (Sagi et al. 1995, May et al. 1995, Becker et 
al. 1998a and 1988b), the efficiency of transformation of the commercially dominant 
Cavendish cultivar is low and needs significant improvement. For Cavendish 
transformation to be efficient the embryogenic method must meet several criteria 
including a low level of somaclonal variation, a high regenerative capacity, applicability 
to a wide range of cultivars, and repeatability. 
In banana, the frequency of somaclonal variation from embryogenic cultures appears to 
be relatively low (Schoofs 1997, Becker et al. 1999a and 1999b ). Embryogenic cultures 
of 'Cavendish' banana also appear to be highly regenerable with as many as 105 
embryos produced from 1 mL of cells (Cote et al. 1996). It is also preferable that the 
embryogenic technique used for transformation be applicable to as many different 
cultivars as possible and be repeatable. Somatic embryogenesis from immature male 
flowers is one method that has been applied to a large number of banana cultivars 
within the dessert (AAA) and plantain (AAB) genotypes (Shii et al. 1992, Escalant et al. 
1994, Cote et al. 1996, Grapin et al. 1996). However, there have been no reports of 
success with cooking banana (ABB), diploids or tetraploids. In addition, Escalant et al. 
(1994) reported very large seasonal influences on the frequency of embryogenesis that 
ranged from 1% to 14% of explants depending on the time of year. 
Becker et al. (1999b) reported the generation of transgenic Cavendish banana cv. 
'Grand Nain' banana by microprojectile bombardment of male flower-derived 
embryogenic suspension cells. However, the transformation efficiency was low with 
transgenic plants produced from only one in ten bombarded plates. This chapter 
describes the development of embryogenic suspension cultures from four banana 
cultivars including dessert (AAA), cooking (ABB), breeding diploid (AA) and 
tetraploid hybrid (AAAB) bananas. In addition, a highly efficient transformation system . 
for 'Cavendish' banana is described. 
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Materials and Methods 
Collection of plant material 
Banana male inflorescences were harvested within two time periods of the year, (i) 
between March and July (early autumn to mid winter) and (ii) October and November 
(mid to late spring). Inflorescences were collected from three regions on the east coast 
of Australia depending on the availability of the cultivars. Inflorescences of cultivars 
'Cavendish' (AAA), both 'Williams' and 'Grand Nain', and the breeding diploid 'SH-
3362' (AA) were obtained from South Johnstone in north Queensland (humid tropics). 
The 'Bluggoe' cooking banana (ABB) was obtained from Wamuran in south 
Queensland and the tetraploid hybrid 'Goldfinger' (AAAB) from Wamuran and Cudgen 
in northern New South Wales (cool subtropics). 
In all cases except for 'Bluggoe', the male inflorescences were harvested when still 10 
em or less below the point of attachment of the lowest hand of fruit. Because of the low 
number of plants and non-synchronised flowering of 'Bluggoe' inflorescences, all 
stages were harvested including those taken before fruit set and also when the male 
inflorescence was greater than 10 em below the lowest hand. Because of the low 
number of SH-3362 growing in the field only one inflorescence could be obtained. 
Initiation of embryogenic cultures 
The outer bracts and flowers were removed until the inflorescence was between 5 em 
and 8 em long. It was then immersed in 70% ethanol for 1 0 min, rinsed once in sterile 
distilled water and immature flower hands excised using a dissection microscope under 
sterile conditions. Hands ofimmature flowers at 15 developmental stages were used to 
initiate cultures. The most immature hand selected, which contained individual flowers 
approximately 0.5 mm in length, was designated as number one (Figure 8.1 ). 
Each immature flower hand was placed in a 30 mL culture tube containing 8 mL ofM1 
medium (Escalant 1994) with modifications to the 2,4-D concentration. M1 medium as 
described by Escalant et al. (1994) contained 4 mg/L 2,4-D. In some experiments, Ml 
medium containing 1 mg/L and 2 mg/L 2,4-D were compared to 4 mg/L 2,4-D. 
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Bract 
Figure 8.1. Developmental stages of flower hands used to initiate embryogenic cultures. 
Bracts were removed and flower hands excised sequentially through decreasingly mature 
hands until the apical meristem was exposed. At this point the most immature hand excised 
was designated number one and the previous 14 flowers excised designated numbers two to 
15. Several more layers ofbracts and flower hands were present behind the apical meristem 
but these flowers were not used as they were too small and did not survive in vitro culture. 
Flower hands larger than number 15 were not used as they were too mature and did not give 
an embryogenic response. 
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In most cases, at least 150 flower hands (15 flower hands from each of 10 
inflorescences) were used in each experiment. Cultures were maintained at 27°C with a 
16 h photoperiod for six months without subculture. Over this period, cultures were 
examined approximately every two weeks for somatic embryo formation. Cultures 
producing one or more somatic embryos were classed as a positive response and the 
flower stage (1 to 15) recorded. 
Initiation of suspensions 
As soon as flower hands were observed to be producing somatic embryos, suspension 
cultures were initiated. Only highly embryogenic cultures that produced approximately 
10 or more somatic embryos were used. The yellow nodular callus, white friable callus 
and somatic embryos were removed from the original flower hand and placed in 10 mL 
of liquid medium in a 100 mL Erlenmeyer flask. Two liquid media were compared; M2 
medium (Cote at al. 1996) and suspension culture maintenance medium (Dhed'a et al. 
1992) referred to in this chapter as BL medium. Liquid cultures were maintained at 
27°C with a 16 h photoperiod on an orbital shaker at 70- 100 rpm. After ten days 10 
mL of fresh medium was added. Subsequent subculturing was done every ten days by 
removing 10 mL of old medium and adding 10 mL of fresh medium. 
Two to three months after initiation, all 20 mL of suspension was moved to a 250 mL 
Erlenmeyer flask using a wide bore pipette and another 30 mL of fresh medium added. 
Suspensions in 250 mL flasks were subcultured every ten days by leaving the cells to 
settle to the bottom of the flask before removing 30 mL of old medium. The cells were 
resuspended in the remaining 20 mL and split equally into two 250 mL flasks and 40 
mL of fresh medium added to each flask. 
Somatic embryo formation and germination 
Suspension cells were collected four days after subculturing, and passed through a 450 
1-1m mesh. The filtrate was then left to settle for 1 0 minutes. Sufficient supernatant was 
removed to leave a settled cell volume/liquid medium ratio of approximately 1:5. Cells 
were then resuspended and dispensed in 200 1-1L aliquots onto 70 mm diameter 
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Whatman filter paper discs in 90 mm Petri dishes containing M3 embryo formation and 
maturation medium (Cote et al. 1996). Cells were left on this medium for three to six 
months without subculture to allow for somatic embryo formation and maturation. 
Somatic embryos were then germinated by removal from the filter paper and placing in 
direct contact with M4 embryo germination medium (Cote et al. 1996). One month after 
moving embryos to M4 medium, the proportion of germinated embryos was assessed. 
Germinated plants were transferred to M5 rooting medium (Cote et al. 1996) for further 
development. 
Banana transformation 
Embryogenic suspension cells of a 'Grand Nain' cell line initiated and maintained in BL 
medium were plated as described above on regeneration step one (RS 1) medium 
(Dhed'a et al. 1991). One day after plating, cells were bombarded as described by 
Becker et al. (1999b) with the plasmid p35S-GFP/BT6.3-NPT (Dugdale 1998). This 
plasmid contained CaMV 35S 5'UTR-gjp-nos 3 'UTR and BT6.3-npt II-CaMV 35S 
3'UTR cassettes in pGEM3zt. Three days after bombardment, embryogenic cells, 
including non-bombarded controls, were subcultured onto selection medium. The cells 
were subcultured monthly by transferring the supporting filter paper to fresh medium. 
The different selection media used and the length of time on each medium are described 
in Table 8.1. 
Analysis of transgenic plants 
GFP expression was visualised using a Leica MZ12 stereo microscope fitted with a 
Leica GFP Plus fluorescence module. Full-length npt II selectable marker gene was 
detected using PCR as described in Becker et al. (1999a). 
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Table 8.1. Media used in selection experiments of bombarded 'Grand Nain' cells. The 
type of medium, antibiotic concentration and length of time cultured on each medium 
are indicated. 
Experiment 1 a 
Month 1 Month2 Month3 Month4 Month 5 Month6 Month 7 
BLKlO BLK25 M3K50 M3 KlOO M3 KlOO M4 KlOO M5 K100 
BLK25 BLK50 M3 KlOO M3 KIOO M3 K100 M4 KlOO M5 KlOO 
BLKIOO BLKIOO M3 KlOO M3 KlOO M3 K100 M4 KlOO M5 KlOO 
M3 KlO M3K25 M3K50 M3 KlOO M3 KlOO c 
M3K25 M3K50 M3 KlOO M3 KlOO M3 KIOO c 
M3 KlOO M3 KlOO M3 KlOO M3 KIOO M3 KlOO c 
RSl KIO RSl K25 M3K50 M3 KlOO M3 KlOO c 
RSl K25 RSl K50 M3 KIOO M3 KlOO M3 K100 c 
RSl KlOO RSl KIOO M3 KIOO M3 KlOO M3 KIOO c 
Experiment 2b 
Month I Month2 Month3 Month4 Month 5 Month 6 
M3 KlOO M3 KIOO M3 KlOO M3 KIOO c 
M3 K150 M3 Kl50 M3 K150 M3 K150 c 
M3 K200 M3 K200 M3 K200 M3 K200 M4 K100 M5 KlOO 
M3 Gl5 M3G15 M3 G15 M3 G15 c 
M3 G22.5 M3 G22.5 M3 G22.5 M3 G22.5 c 
M3G30 M3G30 M3 G30 M3 G30 c 
The cells were subcultured monthly by transferring the supporting filter paper to fresh medium 
BL =the suspension culture maintenance media as described by Dhed'a et al. (1991) solidified with 7 giL 
agar. 
M3 = embryo formation and maturation medium as described by Cote et al. (1996). 
M4 =embryo germination medium as described by Cote et al. (1996). 
M5= rooting medium as described by Cote et al. (1996). 
RS1 =regeneration step 1 medium as described by Dhed'a et al. (1991) containing 7 giL agar. 
Kanamycin and geneticin are represented by a K or a G, respectively, followed by the concentration of 
antibiotic in mg/L. For example, K100 equals 100 mg/L kanamycin. 
a: Each selection treatment consisted of 10 bombarded plates plus non-bombarded controls. 
b: Each selection treatment consisted of 18 bombarded plates plus non-bombarded controls. 
c: Treatments that produced very few or no putatively transgenic embryos as determined by visible GFP 
expression were not taken through to the embryo germination stage. 
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Results 
Somatic embryogenesis in flower cultures 
Somatic embryogenesis was observed in all five cultivars tested (Table 8.3). Within one 
month after initiation on Ml medium, yellow compact nodular callus formed on most 
flower cultures. White friable callus and somatic embryos subsequently formed on the 
yellow callus in some cultures (Figure 8.2). Most somatic embryos formed on flower 
hands between five weeks and four months after initiation of cultures with very few 
new embryogenic cultures developing after four months. 
The embryogenic response in 'Cavendish', including 'Williams' and 'Grand Nain', 
occurred most frequently in flower hands 6 to 10 (Figure 8.3). The pattern of response 
in 'Goldfinger' was less obvious however it appeared to be greatest in flower hands 6 
and 7. There also appeared to be a seasonal influence on the frequency of 
embryogenesis (Figure 8.4) with cultures initiated mid-year giving the best response 
with both 'Cavendish' and 'Goldfinger' although the frequency in 'Goldfinger' was 
very low. 
Because of the low embryogenic response of 'Goldfinger', the frequency of 
embryogenesis in both 'Goldfinger' and 'Bluggoe' was compared using Ml medium 
containing different concentrations of 2,4-D (Table 8.2). The highest frequency of 
embryogenesis occurred using 2 mg/L and 1 mg/L 2,4-D for 'Goldfinger' and 
'Bluggoe', respectively. 
Initiation of suspension cultures 
Highly embryogenic cultures that contained approximately 10 or more somatic embryos 
were used to initiate suspension cultures. Such cultures were derived mainly from 
flower hands 6 to ten in 'Cavendish' and 3 to 7 in 'Goldfinger' (Figure 8.3). In total, 
2.2% of 'Cavendish' and 1.7% of 'Goldfinger' flower hands produced cultures suitable 
for initiating suspensions. However, this frequency rose to 6.0% for 'Goldfinger' 
flowers cultured on 2 mg/L 2,4-D. 
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Figure 8.2. The process of somatic embryogenesis from immature male flowers and 
embryogenic suspension cells. 'Cavendish' flower hand one week after initiation on M1 
medium (A) and three months after initiation (B) when embryogenic callus and somatic 
embryos have formed. Somatic embryos (se) have formed from white friable callus (we) 
which is on the surface of yellow nodular callus (yc ). The original explant ( oe) has become 
necrotic. Suspension cells from different cell lines responded differently when plated on 
M3 medium. Some cell lines developed large areas of necrosis and produced low numbers 
of embryos (C), while other cell lines showed little necrosis and produced many embryos 
(D). Scale bars equal1 mm. 
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Figure 8.3. The frequency of embryogenesis in flower hands according to their 
position in cultivars 'Cavendish' and 'Goldfinger'. Flower hands that were highly 
embryogenic and used to initiate suspensions are also indicated. The 'Cavendish' data 
are based on 1200 flower hands (80 hands per position) of 'Williams' and 'Grand Nain' 
initiated in four separate experiments. The 'Goldfinger' data are based on 705 flower 
hands (47 hands per position) initiated in two different experiments. 
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Figure 8.4. The frequency of embryogenesis in flower hands from cultivars 
'Cavendish' and 'Goldfinger' that were initiated at various times of the year. The year 
in which the culture was initiated is also indicated. The data are based on at least 150 
flower hands from each cultivar. The 'Cavendish' data are based on the total number of 
flower hands from 'William' and 'Grand Nain' initiated at the same time except from 
Cavendish 95 which is based on 'Williams' only. 
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Table 8.2. Optimisation of the embryogenic response in cultivars 'Goldfinger' and 
'Bluggoe' by manipulation ofthe 2,4-D concentration in Ml medium. 
'Goldfinger' (AAAB) 'Bluggoe' (ABB) 
Number of Number Number of 
flower handsa embryogenicb flower handsa 
4mg/L2,4-D 150 2 (1.3%) 90 
2 mg/L 2,4-D 150 14 (9.3%) 105 
1 mg/L 2,4-D 150 8 (5.3%) 105 
Ml medium as described by Escalant et al. (1994) contains 4 mg/L 2,4-D. 
a: Flower hands of 15 stages of development from ten inflorescences 
Number 
embryogenicb 
1(1.1%) 
2 (1.9%) 
14 (13.3%) 
b: Actual number of embryogenic flower hands followed by the percentage in brackets. 
Table 8.3. Summary of the frequency of somatic embryogenesis in flower hands from 
different banana cultivars. 
Cultivar 2,4-D Number of Number of Percentage Suspension 
(genotype) mg/Ld flower hands embryogenic embryogenic culture 
initiated flower hands flower hands initiatede 
'Grand Nain' 4 450 25 5.6 yes 
(AAA) 
'Williams' 4 450 29 6.4 yes 
(AAA) 
'Goldfinger' a 2 405 51 12.6 yes 
(AAAB) 
'SH-3362'b 4 15 1 6.7 yes 
(AA) 
'Bluggoe'c 1 105 14 13.3 yes 
(ABB) 
Only data from cultures initiated between March and July is included. 
a: Only data based on cultures initiated on Ml medium containing 2 mg/L 2,4-D is 
included. 
b: Due to the very small number of plants in the field only one inflorescence (15 flower 
hands) could be obtained. 
c: Only data based on cultures initiated on Ml medium containing 1 mg/L 2,4-D is 
included. 
d: concentration of2,4-D used in Ml (Escalant et al. 1994). 
e: Suspensions were initiated in BL medium. 
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One month after placing embryogenic callus in liquid medium, the culture consisted of 
large clumps of compact callus, which were part of the original inoculum, small cell 
aggregates and isolated cells. After a further two to three months, the cell aggregates 
were of sufficient density to require an increase in the culture volume from 20 mL in a 
10 mL flask to 50 mL in a 250 mL flask. At this point, the growth rate of cells was 
sufficient to divide the contents of one flask into two every 1 0 days. Five months after 
the initiation of cultures, the large callus clumps had been removed through successive 
subcultures and consisted of a heterogeneous suspension of cell aggregates, nodules and 
isolated cells as described by Grapin et al. (1996). 
To compare suspension culture media, 11 'Cavendish' suspensions were initiated. Six 
suspensions, consisting of 2 'Williams' and 4 'Grand Nain', were initiated in BL 
medium. Five suspensions, consisting of 2 'Williams' and 3 'Grand Nain', were 
initiated in M2 medium. Suspension cells were plated on M3 medium and the response 
observed. In some cell lines, large areas of plated cells became necrotic and a low 
number of embryos formed (Figure 8.2). In other cell lines, large numbers of embryos 
formed and little necrosis occurred. Although there was variability in the response of 
cell lines initiated in the same medium, cultures in BL medium generally tended to 
produce more embryos and have less necrosis. Suspensions cultured in BL medium 
maintained a high embryogenic capacity for 12 to 18 months after initiation after which 
time they went into decline. Suspension cultures of five banana cultivars were obtained 
using BL medium (Table 8.3). 
Germination of somatic embryos 
Embryogenic suspension cells were plated on M3 medium where somatic embryos 
formed and were allowed to mature. Embryos were then transferred to M4 germination 
medium after various maturation times. The embryo germination frequency on M4 
medium was highly variable even when replicate cultures of embryos derived from the 
same cell line was compared. However, the general trend with all cultivars, except 
'Bluggoe' which was not assessed, was that the germination frequency increased with 
the maturation period. For example, the germination frequency of 'Cavendish' embryos 
matured for three months was as low as 10% whereas over 90% germination was 
observed at six months maturation. There was no obvious difference between the 
cultivars in the ability of embryos to germinate. 
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Selection and regeneration of transgenic plants 
Cavendish cv. 'Grand Nain' cells from embryogenic suspensiOns initiated in BL 
medium were plated onto filter paper and bombarded with p35S-GFP/BT6.3-NPT. 
When viewed under the fluorescence microscope three days after bombardment, each 
plate contained a large number of green fluorescing cells too numerous to count. When 
placed under selection, bombarded cells had very different responses depending on the 
medium used. When bombarded cells were transferred to M3 medium containing 100 
mg/L kanamycin, a large number of embryos had formed after one month; however, 
most of these embryos did not display visible GFP fluorescence. Unexpectedly, many 
embryos developed from non-bombarded cells placed on M3 medium containing 
antibiotic. 
When cells were placed on RS 1 medium containing 100 mg/L kanamycin, fluorescing, 
putatively transformed callus clumps formed after one month while the growth of non-
transformed cells was very slow. The use of kanamycin at concentrations of 10 and 25 
mg/L was not sufficient to prevent the growth of non-transformed tissue. When cells 
were transferred to M3 medium after two months on RS1 medium (Table 8.1), the 
fluorescing callus produced a low number of abnormal somatic embryos preventing the 
regeneration of plants. 
Slow growth of both fluorescing and non-fluorescing cells was observed on all 
concentrations of kanamycin in BL medium. Most fluorescent foci remained as single 
cells or small multicellular clumps. One month after transfer onto M3 medium, a large 
number of embryos formed. Cells that were selected on 1 00 mg/L kanamycin from the 
beginning produced the lowest number of embryos (Figure 8.5), however, almost all 
fluoresced. Cells that were initially placed on 10 and 25 mg/L kanamycin produced 
more fluorescing and non-fluorescing embryos than those on 100 mg/L. The most 
fluorescing embryos were observed on cells initially selected on 25 mg/L kanamycin. 
Unlike cells placed on M3 medium directly after bombardment, no embryos formed 
from non-bombarded cells placed on any of the selection levels. 
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Figure 8.5. Selection and regeneration of transgenic 'Grand Nain'. Suspension cells had 
high embryogenic potential (A) but when cells were placed on BL media containing 
kanamycin for two months and then moved to M3 also containing kanamycin, no somatic 
embryos formed (B).This selection was effective even when the antibiotic concentration 
was initially as low as 10 mg/L and gradually increased over successive subcultures. When 
bombarded with a p35S-GFP/BT6.3NPT and selected in the same way, many embryos 
formed on all selection treatments. More embryos formed when the initial kanamycin 
concentration was 10 mg!L(C) and 25 mg/L (D) rather than 100 mg/L (E). Somatic 
embryos formed on selection media strongly expressed GFP (F). When these embryos were 
moved to M4 medium they germinated (G) and continued to express GFP (H). Scale bars 
equal10mm(A, B, C, D, E, G) and2mm(F, H). 
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All embryos derived from cells selected initially on BL medium were transferred to M4 
medium after 5 months. Embryos began to germinate one month after transfer and 
continued to express GFP (Figure 8.5). The most plants were obtained from cells 
initially selected on 25 mg/L kanamycin with up to 56 plants regenerated from one 
bombarded plate of cells. (Table 8.4). 
Table 8.4. The transformation efficiency of the different selection methods used to 
regenerate plants. 
Selection Number of plants Rangec Percentage of PCR 
method a per plate (mean)b plants fluorescingd positive/ 
total testede 
BLKIO 24.0 12- 36 79.7 22/22 
BLK25 30.1 15-56 78.0 27/27 
BLKIOO 24.4 9-35 92.3 25/25 
M3 K200 2.7 1 - 6 82.0 5/5 
a: Selection method as described in Table 1. 
b: The total number of plants produced in each method divided by the number of 
bombarded plates. 
c: the minimum and maximum number of plants regenerated from individual plates in 
each of the methods tested. 
d: Percentage of plants that displayed visible GFP expression. 
e: The number of plants that tested PCR positive to the presence of npt II over the total 
number of plants tested. All plants from one plate of each of the methods was tested. 
In a second experiment, bombarded cells were selected on M3 media containing high 
levels of antibiotic to prevent the formation of non-transformed embryos. Even at the 
highest concentrations used, 30 mg/L geneticin and 200 mg/L kanamycin, most 
embryos that formed did not fluoresce. Further, many embryos developed from non-
bombarded cells on selection. The most fluorescing embryos formed on 200 mg/L 
kanamycin. All embryos from these plates were transferred to M4 medium. Although 
some fluorescing plants were regenerated, most embryos did not germinate. The 
transformation efficiency was lower than from cells selected on BL medium before 
transfer to M3 medium (Table 8.4) 
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Analysis of transgenic plants 
Putative transgenic plants were analysed using PCR to detect the presence of the npt II 
selectable marker gene. One representative plate was selected from each of the four 
selection methods from which plants were regenerated. These plates were BL medium 
containing the three different kanamycin concentrations and M3 containing 200 mg/L 
kanamycin. All plants from each plate was scored as either positive or negative (Figure 
8.6). A PCR product the same size as the npt II gene (~800 bp) was detected in all 
plants tested (Table 8.4). In addition, PCR products both larger and smaller than 800 bp 
were detected in some plants (Figure 8.6) indicating that transgene recombination had 
occurred. Five plants in Figure 8.6A appeared to contain the same recombinations and 
therefore were most likely derived from the same transformation event. As no escaped 
plants were detected using any of the selection methods, the most efficient method was 
to gradually increase the kanamycin level from an initial concentration of 25 mg/L up to 
100 mg/L. 
189 
1018 
517 
1018 
517 
1018 
517 
Figure 8.6. Screening of putatively transgenic 'Grand N ain' plants for the presence of npt 
II by PCR using primers designed to amplify the entire ORF ofthe selectable marker gene. 
One representative bombarded plate from each of the four different selection treatments 
that resulted in the regeneration of putatively transgenic plants was selected. All plants 
regenerated from each ofthe four plates were tested, including 25 plants from bombarded 
plates initially selected on BL K1 00 (A), 27 plants from BL K25 (B), 22 plants from BL 
K10 and 5 plants from M3 K200 (C). All plants tested positive for the presence of npt II. 
Molecular weight marker X (Boehringer Mannheim; mw), positive control plasmid (p), 
non-transformed (wt) and putatively transformed 'Grand Nain' (brackets) are indicated. 
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Discussion 
The development of embryogenic callus and somatic embryos on flower hands closely 
followed the sequence described by Escalant et al. (1994). Initially, yellow nodular 
callus formed from the flowers followed by white friable callus and the development of 
somatic embryos. The relative frequency of 'Cavendish' embryogenesis in each of the 
different flower stages was slightly different to that described by Escalant et al. (1994). 
This discrepancy may have been due to the ambiguity in the description of the flower 
stages. Escalant et al. (1994) designated the floral apical meristem as zero and the 
flower hand immediately behind the meristem as number one. In this study, the flower 
primordium behind the meristem was found to be too small to excise even using a 
microscope and flowers for several rows behind this were too small to survive in vitro 
culture. Therefore, the flower hand that was exposed upon removal of the bracts that 
covered the tip of the apical meristem, and contained individual flowers approximately 
0.5 mm in length, was arbitrarily designated number one (Figure 8.1). Although more 
rows of flower hands covered by bracts were present closer to the meristem, these were 
not used. Using this system, it is probable that no potentially embryogenic flowers were 
missed, as the most frequent embryogenic response occurred in flower hand number 
eight and very rarely in numbers 1 and 15 (Figure 8.3). Escalant et al. (1994) reported 
embryogenesis occurred most frequently in flower hand number eleven indicating they 
were using flowers slightly closer to the meristem. 
The relative frequency of embryogenesis in 'Goldfinger' was spread more across the 
different flower stages but tended to be concentrated in numbers six and seven. There 
did not appear to be a bias toward a particular flower stage suitable for initiation of 
suspension cultures. In both 'Cavendish' and 'Goldfinger', the flower stages which 
were most frequently embryogenic were also most frequently used to initiate 
suspensiOns. 
Escalant et al. (1994) reported seasonal variation in the frequency of embryogenesis 
with two peaks, the major one being September to October. In this study flowers were 
not sampled at sufficient time points to determine multiple peaks in the frequency of 
embryogenesis occurred; however, flowers initiated in October and November had the 
lowest frequency. The difference between the two studies can be attributed to the 
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different environmental conditions of the regions in which source plants were cultured. 
The factors affecting the embryogenic response are not known but it is important to take 
this phenomenon into account when developing embryogenic cultures of banana in 
different regions. Interestingly, both 'Cavendish' and 'Goldfinger' flowers taken from a 
tropical climate and subtropical climate, respectively, had the same seasonal pattern. 
Banana somatic embryos are derived from male flowers through an intermediate callus 
phase. This is commonly referred to as indirect embryogenesis (Merkle et al. 1995). 
Dedifferentiation of cells within the flower into callus required the application of 
exogenous growth factors, primarily 2,4-D (4 mg/L) but also NAA (lmg/L) and IAA (1 
mg/L). In general, embryogenic callus proliferates by maintaining the auxin 
concentration above a certain threshold with regeneration by somatic embryogenesis 
only occurring if the auxin concentration falls below this threshold (Me William et al. 
1974). In this study, explants were cultured on the same medium without subculture for 
six months. It is most likely that the auxins in M1 medium gradually degraded during 
this period and fell below a threshold level, thus inducing somatic embryo formation. 
This hypothesis is supported by the results of Escalant et al (1994) who showed that 
somatic embryos did not form if callus was subcultured onto fresh medium. 
When cultured on M1 medium, 'Goldfinger' flower hands produced large amounts of 
yellow nodular callus but very few embryos. This indicated that the auxin concentration 
was too high to permit embryo formation even after an extended period without 
subculture. Lowering the 2,4-D concentration increased the frequency of embryogenesis 
in both 'Goldfinger and 'Bluggoe' suggesting that these cultivars have a greater 
sensitivity to 2,4-D than 'Cavendish'. Varietal differences in sensitivity to growth 
regulators have previously been recognised. Dhed'a et al. (1991) induced somatic 
embryogenesis in 'Bluggoe' from enlarged proliferating meristems. 'Bluggoe' was 
induced to form these proliferating meristem cultures using media containing 2.25 mg/L 
BAP and 0.175 mg/L IAA. In another study, proliferating meristem cultures of 
'Cavendish' could only be obtained by increasing the BAP concentration to 22.5 mg/L 
(Schoofs 1997). 
The frequency of embryogenesis obtained in this study with 'Cavendish' was similar to 
that reported by Escalant et al. (1994) while the frequency in 'Goldfinger' and 
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'Bluggoe' was increased to above that of 'Cavendish' by manipulating the media. It is 
possible therefore, that the embryogenic response in 'Cavendish' could be optimised by 
altering components of the media. This is important as only 2% of the 'Cavendish' 
explants initiated produced cultures suitable for initiating suspension cultures. 
It is desirable that a regeneration system be applicable to as many different cultivars as 
possible. Unfortunately, large varietal differences in response to an in vitro technique is 
not uncommon (Parrott et al. 1991). The successful development of embryogenic cell 
suspensions of 'Goldfinger' (AAAB), 'SH-3362' (AA) and 'Bluggoe' (ABB) in this 
study is significant as embryogenesis from male flowers has not been reported for 
cultivars of these genotypes. These results further demonstrate the broad application of 
this technique. 
The quality of suspensions that were all initiated in the one type of medium was found 
to vary irrespective of whether BL or M2 was used. This variability made it difficult to 
ascertain the best medium as differences observed between the two may have been due 
to random variation. Although good quality suspensions have been obtained using M2 
medium (Cote et al. 1996, Grapin et al. 1996), it appears that good quality cell lines are 
produced more frequently in BL medium. It is difficult to speculate on the reasons for 
the different response of banana tissue to the two media since their composition differs 
in a number of ways including macronutrient and sucrose concentration, growth 
regulator composition and other organic supplements. 
Grapin et al. (1996) reported a 3% germination rate when 'French Sombre' (AAB) 
somatic embryos were moved to M4 germination medium 30 days after suspension cells 
were plated on M3 embryo formation medium. When this time period was extended to 
130 days, the germination rate increased to 40%. In the present study, somatic embryos 
of 'Cavendish', 'Goldfinger' and 'SH-3362' all exhibited a similar pattern of 
germination. Somatic embryos of many species require specific maturation treatments 
for germination to occur (Merkle et al. 1995) with common treatments including ABA, 
osmoticums and desiccation (Emons et al. 1993, Attree and Fowke 1993). M3 medium 
contains high concentrations of sucrose and phytagel and I% lactose; these components 
would all contribute to the osmotic potential of the medium and possibly to the 
maturation process. Despite this, embryos still required several months of maturation 
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before an acceptable germination rate was observed. The processes occurring over this 
time are not known but it is possible that dehydration of the media places further 
osmotic stress on the embryos. Investigations are therefore needed to examine the 
effects of the above mentioned treatments on reducing embryo maturation time. Indeed, 
preliminary experiments have shown that 'Cavendish' somatic embryo maturation and 
germination can be improved by applying such treatments (Hamilton, Becker, Harding 
and Dale, unpublished results). 
When transient GFP expression was examined three days after bombardment of 'Grand 
Nain' cells, numerous green foci were observed. This indicated that the DNA transfer 
protocol was highly efficient and the transformation potential was very high. 
Ultimately, the efficiency of transgenic plant regeneration was dependent on the 
medium and the antibiotic concentration used. Plants were only regenerated from cells 
selected on M3 containing a high concentration of kanamycin or initially on BL 
medium before transfer to M3. Cells placed on M3 medium directly after bombardment 
were probably induced to form embryos before the antibiotic had time to act. This was 
most apparent in non-bombarded cells where numerous embryos formed on all levels of 
antibiotic. Fluorescing cells could be seen on bombarded plates on M3 medium but they 
rarely formed embryos. When induced to form embryos too early, non-transgenic cells 
appeared to be able to out-compete transgenic cells and formed embryos first. 
Kanamycin at 200 mg/L was able to slow down the growth of non-transgenic cells and 
allow transgenic cells to form fluorescing embryos. The use of higher antibiotic 
concentrations or different selective agents, such as herbicides, may increase the 
efficiency of this technique thus allowing more rapid regeneration of transgenic plants. 
Both transgenic and non-transgenic cells selected on solid BL medium grew slowly 
even when a low concentration of kanamycin was used. Fluorescing cells remained as 
single cells or small multicellular clumps while on this medium and probably allowed 
time for the antibiotic to act before embryo formation was induced. After transfer to M3 
medium, numerous fluorescing embryos formed. A gradual increase in the antibiotic 
concentration over successive subcultures, rather than placing cells directly on 100 
mg/L kanamycin, allowed more fluorescing and non-fluorescing embryos to form. Non-
fluorescing embryos were assumed to be 'escapes' although some gene silencing and 
transgene corruption may have occurred. In contrast, no embryos formed from non-
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bombarded cells on any selection level on BL medium. The reason for non-fluorescing, 
apparently non-transgenic embryos forming from bombarded plates is not known. Gene 
silencing and transgene corruption may have been partly responsible but this does not 
explain the correlation between lower kanamycin concentration and a greater number of 
non-fluorescing embryos. It is possible that some non-transformed cells were closely 
associated with transformed cells and were protected from the effects of the antibiotic. 
Since npt II could be detected in all putatively transgenic plants regenerated, it appears 
that these 'escaped' embryos were not able to germinate on medium containing 
antibiotic. 
Like previous experiments (Becker et al. 1999b) 'Grand Nain' was transformed using a 
virtually identical protocol; bombarded cells were selected on BL medium for three 
months and then moved to M3 medium with media containing 100 mg/L kanamycin. 
The only obvious difference between the two studies is the cell line used to generate the 
target tissue. In both studies, the cell lines were cultured in the same media and had 
similar responses when plated on M3 containing no antibiotic with little necrosis of 
tissue and many embryos forming from both cell lines. However, when the cell line 
used in the initial study was bombarded with a GFP construct, only a low number of 
green foci were observed and cells rapidly became necrotic when placed on selection 
medium. In the present study, a large number of green foci were observed on 
bombarded plates and cells did not die as rapidly when placed on BL medium 
containing 100 mg/L kanamycin. The difference in the transformation competence and 
antibiotic sensitivity of cell lines highlights the variablity in all cell lines and 
emphasises the importance of initiating many cell lines in order to select the most 
competent. One factor that may improve the transformation efficiency of cell lines with 
low transformation competence is reducing the antibiotic concentration as this was 
shown to increase transformation efficiency in this study. 
Southern hybridisation analysis of transgenic 'Bluggoe' derived from bombarded cells 
selected on filter paper discs demonstrated that most plants were independent 
transformants (Becker et al. 1999b). When bombarded 'Grand Nain' cells were selected 
on filter paper discs, numerous embryos developed on different parts of the plate 
(Figure 8.5) and were probably also derived from different transformation events. 
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The current limitations to banana transformation are the establishment of a regeneration 
system and the efficiency of transgenic plant production. These two factors were 
addressed in this study. Firstly, the type of explant used to initiate embryogenic cultures 
was more precisely defined and the influence of the source tissue on the embryogenic 
response was determined. Secondly, the induction media was optimised for cultivars 
other than 'Cavendish'. Finally, a high efficiency transformation protocol was 
developed. This information will ultimately make a significant contribution to the 
genetic improvement of banana. 
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Chapter 9. General Discussion and Conclusions 
Prior to this study, there had been only two previous reports on the stable transformation 
of banana (May et al. 1995, Sagi et al. 1995). May et al. (1995) transformed 
'Cavendish' banana by Agrobacterium-mediated transformation of wounded meristems. 
The limitations of this technique are a low transformation efficiency and chimerism. 
This approach was initially investigated in this study; unfortunately, the transformation 
of cells was very rarely observed and no regenerated plants survived on selection 
(results not shown). Despite this, Agrobacterium-mediated transformation of 
embryogenic suspension cells is a potentially useful approach, as regenerated plants are 
unicellular in origin. Further, there are a number of advantages to using Agrobacterium 
including (i) transgene copy number is generally lower and there are less transgene 
rearrangements (DeBlock 1993, Pawlowski and Somers 1996), and (ii) Agrobacterium 
can transfer up to 150 kb of DNA (Hamilton et al. 1996) enabling the transfer of traits 
under the control of multiple genes or multiple single gene traits. 
Sagi et al. (1995) transformed embryogenic suspension cells of 'Bluggoe' by 
microprojectile bombardment and regenerated transgenic plants. This method was 
improved in this study and was shown to be highly efficient (Becker et al. 1999). The 
disadvantage of this technique is that it has only been applied to a cooking banana 
cultivar that is of little commercial value and is susceptible to the devastating Fusarium 
wilt disease (Jeger et al. 1995). While 'Cavendish' is the commercially dominant 
cultivar, cultivars other than 'Cavendish' are still a very important food source in many 
countries. However, because of their low commercial value, they would not attract the 
large financial support necessary to meet the development, biosafety assessment and 
intellectual property costs associated with transgenic plants. 
Prior to this study, the development of an efficient banana transformation and 
regeneration protocol was a major target of international banana research programs. The 
development of an efficient 'Cavendish' transformation system described in this study 
was done for two reasons. Firstly, the Australian banana industry is based largely on the 
·'Cavendish' cultivar which is the internationally dominant commercial cultivar. 
Secondly, such a system will allow the application of bioteclmological techniques to 
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'Cavendish', with the benefits then flowing down to other less profitable, but more 
socioeconomically significant, cultivars. Importantly, the major target of banana 
biotechnology is disease resistance. 
Pathogen-derived virus resistance strategies have been applied successfully to many 
other crops (Fitchen and Beachy 1993) and therefore have a high likelihood of success, 
particularly with BBrMV in banana. Such early success would encourage further 
investment and development but transgenes that confer traits other than virus resistance 
are also required. Other potentially useful traits include bacterial, nematode and, in 
particular, fungal resistance. Transgenic fungal resistance could be achieved in a 
number of ways including the use of systemic acquired resistance genes (Cao et al. 
1998), antifungal proteins (Terras et al. 1995) and specific resistance genes (R genes) 
(Hammond-Kosack et al. 1998). Fungal, bacterial, viral, insect and nematode R genes 
have already been isolated and resistance transferred between species (Hammond-
Kosack et al. 1998, Rommens et al. 1995, Whitham et al. 1996, Rossi et al. 1998). 
Resistance to black and yellow Sigatoka and Fusarium wilt has been identified in the 
Musa genus but as 'Cavendish' is sterile the R genes responsible for these traits could 
only be transferred to this cultivar by genetic engineering. While Musa genetics is a 
relatively neglected area, inheritance studies have suggested that resistance genes for 
black Sigatoka, yellow Sigatoka, Fusarium wilt and Moko disease could be identified 
and isolated (Ortiz 1995). 
Although 'Cavendish' was the main focus of the study, 'Bluggoe' served as a model 
system as it was considerably easier to manipulate in vitro. Using this cultivar, 
promoters were examined for their level of activity, tissue specificity and long tem1 
stability. The cauliflower mosaic virus 35S promoter and, in particular, the maize 
polyubiquitin-1 promoter provided strong activity in stably transformed plants and 
continued to be active over the six months that plants were assessed in the glasshouse. 
This is significant as transgene expression is frequently unstable and can be silenced a 
few months after transfer to a glasshouse environment (Elmayan and Vaucheret 1996). 
BBTV promoters were shown to have phloem-limited activity in stably transformed 
'Bluggoe' (Dugdale et al1998a). The BBTV DNA-6 (BT6) promoter, in particular, was 
shown to have potential and was used to make effective selectable marker cassettes. 
High expression of the npt II selectable marker gene is not required in regenerated 
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transgenic plants but for other applications high transgene expression may be required. 
BT6 activity was enhanced by the insertion of an intron between the promoter and the 
reporter gene (Dugdale et al. 1998b). Of the four introns examined, the maize 
polyubiquitin-1 and the rice actin- I introns in particular greatly enhanced reporter gene 
expression. BT6 could therefore be used for applications other than driving the 
selectable marker gene. If banana is to be transformed with multiple transgenes 
conferring different traits then more promoters with appropriate levels of activity and 
tissue specificity are required. Additional promoters could potentially be derived from 
other DNA viruses, bananas and other monocots. 
As most transgenic banana containing potential virus resistance constructs were 
'Bluggoe', this cultivar serves as a model for assessing the first generation constructs. 
Trans genes conferring resistance can then be transformed into 'Cavendish'. 
Importantly, the frequency of somaclonal variation in 'Bluggoe' plants that were 
regenerated from embryogenic cell suspensions was higher in transgenic than non-
transgenic plants. This emphasises the importance of an efficient transformation system 
to enable the generation of many transgenic lines that can be screened for the required 
traits. 
The generation of transformation competent 'Cavendish' embryogenic cell lines proved 
to be the major limitation encountered and considerable experimentation was required 
to define the type of explant required. A low frequency of embryogenesis in explants 
used to initiate cultures was also encountered. The frequency was maximised by 
initiating cultures at a specific time of year and, in cultivars other than 'Cavendish', by 
manipulating the media. There may also be the potential to increase the frequency of 
embryogenesis in 'Cavendish' by manipulating media components such as 2,4-D. Once 
embryogenic cultures were obtained, an effective method of proliferation was required. 
Secondary embryos can be produced directly from primary embryos with no 
intermediate callus phase. These secondary embryos are thought to be unicellular in 
origin and derived from the epidermis of the primary embryo (Polito et al. 1989, Sato et 
al. 1993, Escalant et al. 1994) and thus represent an ideal target for transformation. In 
this study, secondary embryogenesis was induced using a temporary immersion system 
(Escalant et al. 1994); however, these embryos germinated at an extremely low 
frequency (results not shown). Consequently, suspension cultures were used to 
proliferate embryogenic cultures. 
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Variability was observed between initiated suspension cultures in terms of 
embryogenicity and transformation competency. The selection of a suspension culture 
suitable for transformation required the initiation of numerous cell lines. In addition, the 
useful life span of a cell line was short. Cell lines were not suitable for transformation 
until five to six months after initiation and typically remained highly embryogenic for 
only 12 to 18 months after initiation, effectively providing a six to 12 month window in 
which to transform the cell line. As such, a large number of suspensions need to be 
initiated every six months to provide a continuous supply of tissue for transformation. 
Banana could be efficiently transformed when competent cell lines were used; however, 
multiplication of the resultant transgenic plants generated sometimes proved difficult. 
This occurred in plants that had been cultured on hormone-free rooting media for long 
periods of time but was overcome by culturing the sectioned corms of these plants. By 
convention, regenerated transgenic plants are placed on rooting media containing 
antibiotic. Root formation is an indication that the plant is not an 'escape'. The 
immediate transfer of germinated transgenic embyos to media containing a low 
concentration of BAP induces sucker formation thus eliminating the need for sectioning 
and reducing the time required to produce sufficient replicates. 
Many transgenic lines containing potential virus resistance constructs were identified in 
this study and these now require screening for virus resistance in the glasshouse. The 
results of these glasshouse trials will determine the most appropriate strategy for the 
development of virus resistant bananas. However, potential resistant lines must be 
screened under field conditions. Such trials will also allow factors such as the effect of 
transformation on fruit yield and quality to be examined. 
The response of transgenic plants to virus challenge, which may range from immunity 
to increased susceptibility, will provide further knowledge of banana viruses and lead to 
improved transgenic resistance strategies. The choice oftransgenes for PDR requires an 
understanding of the viruses on a molecular level. The understanding of potyviruses, of 
which BBrMV is a member, is very advanced although the functions of some genes are 
still being elucidated (Brigneti et al. 1998). Resistance mediated by potyviral coat 
protein genes can either be protein- or RNA-mediated and resistance can either be 
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broad- or strain-specific, respectively (Lindbo et al. 1993). The mode of resistance will 
only be determined by analysis of resistant and susceptible coat protein-transformed 
banana plants. 
BBTV is a member of a new virus group of which little is known. Since BBTV is the 
most important virus affecting banana, a greater understanding of BBTV gene function 
and infection/replication cycle is required in order to formulate better strategies for 
transgenic resistance to this virus. It is difficult to predict the efficacy of the BBTV 
resistance constructs used in this present study because the complete function/s and 
mode of action of some BBTV -encoded proteins is not known. The analysis of 
transgenic plants and their response to virus challenge may shed some light on the 
functions of these proteins. For example, plants transformed with a BBTV gene that 
encoded a protein that enhances virus replication may display symptoms earlier or more 
severely than non-transgenic plants. Conversely, if the same gene was post-
transcriptionally silenced, the symptoms may be delayed or reduced. Some questions 
that may be answered by attempting to infect transgenic plants with BBTV are: 
1) Will over-expression of the Rep encoded by the DNA-1 major gene interfere with or 
enhance replication? 
2) Can post-transcriptional gene silencing (PTGS) of Rep be induced and hence confer 
resistance? 
3) Will over-expression or PTGS of the internal gene of DNA-1 down-regulate 
expression of Rep? 
4) If the DNA-1 internal gene is post-transcriptionally silenced, will Rep also be 
silenced due to sequence homology in the transcripts and vice versa? 
5) Does the DNA-1 Rep gene construct pUbi-BTORF1 also express the internal ORF? 
6) Is the expression of the DNA-5 gene absolutely essential for virus replication at the 
site of infection? Will PTGS of the DNA-5 gene confer resistance or only delay 
infection or reduce the frequency of transmission? 
7) Will transgenic resistance to the South Pacific strain of BBTV work against the 
Asian strain of the virus? 
Answers to these questions would enable more effective resistance strategies to be 
developed. For example, if over-expression of Rep interferes with viral replication but 
the protein encoded by DNA-1 internal gene causes enhancement, a more effective 
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approach may be to introduce a silent mutation in the Rep construct to make the internal 
ORF untranslatable. Strategies developed for transgenic resistance to BBTV may also 
have applications for other closely related viruses including subterranean clover stunt 
virus, milk vetch dwarf virus, faba bean necrotic yellows virus and coconut foliar decay 
virus and other ssDNA viruses such as the Geminiviridae. 
Screening of transgenic plants for virus resistance will be laborious because 
transmission of BBTV and BBrMV requires the use of aphid vectors. A large number of 
viruliferous aphids will therefore be required to screen the large number of transgenic 
lines generated, and transmission is sometimes inefficient. The generation of infectious 
clones of these viruses would enable more efficient infection by either Agro-infection 
(Grimsley et al. 1987) or microprojectile bombardment (Hagen at al. 1994). This would 
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also demonstrate that the six BBTV components so far identified with all infections 
(Bums et al. 1995) are the minimum infectious unit required to cause banana bunchy 
top disease. Manipulation of cloned components would also allow BBTV movement to 
be monitored by using an artificial component containing GFP (Sudarshana et al. 1998). 
Brief transient GFP expression at the site of inoculation would indicate inhibition of 
replication while persistent GFP expression restricted to the site of infection would 
indicate replication but no cell to cell or systemic movement. A complete absence of 
GFP expression where the reporter gene is fused to a sequence with homology to the 
viral trans gene would indicate PTGS of the trans gene (English et al. 1996). 
In this study, an efficient transformation system for banana, including the commercially 
important 'Cavendish' cultivar, was demonstrated. Many lines of transgenic banana 
containing potential virus resistance constructs have been generated and are now ready 
to be challenged with BBTV and BBrMV. Embryogenic suspension cultures of several 
cultivars of varying genotypes were initiated indicating that a wide range of cultivars 
have the potential to be transformed. This transformation technology makes a large 
contribution to the application of biotechnology to banana which has, until recently, 
been neglected in comparison to similarly important crops. This will not only make 
transgenic virus resistance possible but also allow other important traits to be 
incorporated into banana. 
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